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THE GODDARD GENERAL ORBIT DETERMINATION SYSTEM 

Joseph W. Siry 
James P. Murphy 
Isabella J. Cole 

ABSTRACT 

The General Orbit Determination System currently being used for Orbit De- 
termination at the Goddard Space Flight Center has evolved over a period of 
approximately a decade. 

It was contemplated, when the system was designed, that it would come to 
be used to determine orbits of satellites of various kinds, tracked by different 
types of tracking systems, and moving in many sorts of orbits which would be 
perturbed in a variety of ways by an atmosphere having variable characteristics 
and by a gravitational field whose higher harmonics would come into play, as 
well as by the moon, the sun, and radiation pressure. As the needs arose and 
the occasions demanded, additional orbit determination capabilities to meet the 
new circumstances were incorporated into the system in accordance with the 
basic plans. During this time the program was extended to accept new data 
types and, at various times, additional sets of unknowns were incorporated into 
it. The program was also equipped to use several general perturbation and 
special perturbation orbit theories and has been adapted to operate on various 
computers. 

The purpose of this report is to set forth the formulations used in the sys- 
tem. In addition, flowcharts and program listings are also included. 
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THE GODDARD GENERAL ORBIT DETERMINATION SYSTEM 

I. INTRODUCTION 

The Goddard General Orbit Determination System accepts as input a set of 
orbital parameters at a specified epoch, some of which are to be corrected, and 
a set of observations of a satellite. The output of the system includes a set of 
corrected parameters obtained by means of a weighted least squares procedure , 
associated statistical information , and a satellite ephemeris. The differential 
correction portion of the system, which is the principal subject of this report, 
consists of nine basic section. These are: 

1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8 .  
9. 

In 

Conversion of Elements, (CE) 
Position of Space Vehicle, (P) 
Local Station Predictions , (LSP) 
Position in Ellipse, (PE) 
Position Partial Derivatives, (PP) 
6bservation Partial Derivatives , (OP) 
Equations of Condition, (EQC) 
Least Squares Solution, (LSQ) 
Conversion of Corrections, (CC) 

the next several sections of this report a description of each of these nine 
sections of the Differential Correction System, together with the mathematical 
formulations, will be given. 

This report contains a description and documentation of one version of the 
Goddard General Orbit Determination System. It records the theoretical formu- 
lations most of which, aside from the indicated material obtained from refer- 
ences 1 and 3, were derived at  the end of the last decade by J. W. Siry, who also 
wrote the accompanying discussion of Section 9 of Chapter I11 for this report. 
The original formulations had been prepared in a form which included condensed, 
general notation and minimal discussion needed to serve as  the basis for pro- 
gramming. J. P. Murphy wrote expanded versions of formulas for certain 
specific cases of interest, added discussions, and carried through preparations 
for publication. In addition, flow charts and program listings of the version in 
current use were compiled for this publication by I. J. Cole. 

The original flow diagram of this-system is given in Figure 1. 

11. NOTATION 

in the following list: 
The principal symbols employed in this report and their meanings a re  given 

a, semi-major axis of the satellite orbit 
by semi-minor axis of the satellite orbit 
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E, eccentric anomaly 
e, eccentricity of the satellite orbit 

f ,  dynamical flattening of earth 

f ,  true anomaly 

G ,  universal gravitational constant 

- g1 o r &  , the local topocentric east vector 

g or  m y  the local topocentric north vector 

3 o r  n , the local topocentric vertical vector 

-2 

g ,  argument of perigee 

h ,  local hour angle 

h ,  right ascension of the ascending node 

I ,  inclincation of orbit plane to earth's equator 

Jn,coefficient of the nth zonal harmonic 

&m, direction cosines r eAive  to the local topocentric east-west 
and north- south direct ions , respectively 

8, mean anomaly 

- Y  8 local topocentric east vector 
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M, mean anomaly 

M , mass of the earth 

- m , local topocentric north vector 

n, mean motion 

n q, coefficients multiplying the p power term in the time polynominal 
for the value of the mean anomaly associated with the qth segment 
of the observational arc. \ 

n, local topocentric vertical vector 

P ,  period of the satellite orbit 

P, , Legendre polynomial of degree n 

P , semi-latus rectum, a(1- e2), 

p, vector directed to perigee 

q ,  perigee distance 

Q ,  GXIP - 

Re, mean equatorial radius of the earth 

- R, , station position vector of the ith station 

r , magnitude of radius vector of the satellite 

f, radius vector of the satellite 

r . radial distance from axis of rotation of earth to ith station 
21' 

radial distance from axis of rotation of earth to surface point 
(on reference ellipsoid) directly below or above the i th station 

r z s i  1 

t ,  time 

U, potential function of the earth 

v ,  magnitude of velocity vector of the satellite 
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-, V the velocity vector of the satellite 

X. the unknowns 
1 '  

yR , the observable quantities 

distance from surface point associated with the ith station to the earth's 
equatorial plane 

'si' 

u , right ascension 

_a, 

p ,  latitude 

unit vector in direction of angular momentum 

- ,8 , unit vector in a specific direction in the orbit plane 

1, (a x p, 

6 , declination 

angle which the unit vector ,8 makes with the nodal ray 

topocentric azimuth angle measured from the north 

local hour angle 

antenna x-angle 

antenna y-angle 

right ascension of Greenwich 

East longitude of ith station in system referred to-Greenwich. 

inertial longitude of the ith station or local sidereal time. 

- 

K 
true anomaly 

range 

argument of latitude 
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+i,  topocentric elevation angle 

'di, 

a, 

- R, 

a 1  argument of perigee 

geodetic latitude of the ith station 

longitude of the ascending node 

unit vector directed toward the ascending node 

speed of rotation of the earth 
9 

Generally the indices and special symbols have the following meanings 

index to denote computed value 

index to denote earth 

index to denote ith tracking station 

index to denote j t h  unknown 

index to denote k observation type 

index to denote nth observation time 

index to denote "observed" value 

index to denote initial value 

indicates long-period parameters in the Brouwer Theory 

indicates parameters in the Brouwer Theory which include 
short-period terms 

indicates total differentiation with respect to time 

indicates unit vector (e.g. g* = g /  I a 1 )  

In certain cases, a symbol is associated with more than one definition. In each 
case in which such a symbol is used, the meaning will be clear from the context. 

Several of the symbols in the above list are illustrated in Figure 2. 
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Figure I-Differential Correction Program Flow Diagram 
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(GREENWICH) 

Figure 2-The Geometry of an Orbit 

III. PRINCIPAL SECTIONS OF THE SYSTEM 

1. Conversion of Elements 

In this portion of the system a certain set of orbital elements or equivalent 
parameters at a particular epoch are provided as input, and two new sets of 
similar constants are computed. Specifically, one of the sets 

{x(to). Y ( t &  z(to), K ( t 0 )  &) 

{a2 e, i, n, (p( t ,),v( to)} or {a, e, i, R,  w,M(t,)} 

serves as input and the other two sets are computed in this section. 
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Values for the additional parameters, p, q, by n, and P, are also computed in 
this section. These calculations are performed through the use of the following 
sets of formulas and others found on page 16 of this report. 

0, = - a r c  s i n  r*(to).y*(to)l [- 

B. Given 

i = a r c  cos -“(to)*& [ I  
R ( t o )  = a r c  cos f i ( t o ) * i  [- 1 

e =  +- rovo C O S  

aP 
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C. Given a, e, vo 

P ia(1-e‘) 8, = arc cos 
‘OVO 

(3 ) 1 
1 

1-e2 s i n  v ( t )  
= arc s i n  [~ l t e  cos  v( t )  

fD s i n  E( t) 
l - e  c o s E ( t )  

1 
1 

cos v( t) t e  
l - e  c o s v ( t )  

= arc s i n  
cos E( t ) -  e 
1- e cos E( t) 

[ E (t)  = arc cos 

Y (t) = a r c  cos 

M ( t )  = E(t) - e sin E(t) = M ( t o )  t n ( t -  to) 

D. Additional Parameters 

q = a(1-e) 

2n 
p =- 

n 

2. Position of Space Vehicle 

In this portion of the system the position of a space vehicle is computed by 
means of a special perturbation method, such as a Cowell integration method, 
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'or  by means of a general perturbation method, such as the one associated with 
lthe Brouwer theory. A s  an illustration of the fimction of this portion of the 
, system we shall consider the case of an ephemeris of asatellite generated by 
means of the Brouwer theory (see References 1 and 2). The potential function* for 
this theory is 

The position and velocity of a spacecraft at any time, t , are found by substitut- 
ing the time into Equations (6) through (10). The fundamental plane is the equator 
with the x-axis directed toward the vernal equinox. In this theory an initial set  of 
elements a ' I ,  e" , I " , 4 ;  , g g  , and hi at an epoch time, t ,,are estimated or  ob- 
tained from the previous iteration of the differential correction process. These 
parameters are the constants of integration of the theory and are related to the 
osculating Keplerian elements { a  , e, I, 4 , g , h ) through the following formulas 
found in References 1 and 2. The secular terms are  

* [ -  15  + 1 6 - q + 2 5 ~ 2 t ( 3 0 - 9 6 ~ - 9 0 ~ z ) 8 2 t ( 1 0 5 - t  144-q-t 25-q2)e41 

3 J2R: 3 JiR: 
g" = g", t not {- 4a (1-58') t--- - 

rl "2 4 128  af14r18 

1. - 35 t 2 4 ~  t 25 q2 t (90-  192  rl- 126 7') 8' t (385 t 3 6 0 7  t 45 T') B I 

--- l5  J4R' [21 -9~2+( -270+126q2)62  t ( 385-189q2)n ' l )  
128 a1~4r18 

*Note that in Brouwer's original paper, the convention p = GMe was employed. 
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where, B = cos I " ,  - - and no = p /  p- 

In cmes in which the drag perturbation is not too large, it is convenient to 
represent its principal effect by means of quadratic and cubic terms in the mean 
anomaly. The coefficients npq,- where p = 2 or 3, refer to terms of the quadratic 
and cubic type respectively. Since a single pair of constants might not be accurate 
enough over the entire observational arc, up to twenty parameters may be em- 
ployed corresponding to the epochs, t,, where q = 0, 1, -. -, 19, at which the 
intervals of interest begin. If the arc is not subdivided, the subscript q = 0 is 
understood but not always written. 

The long-period terms for e and I are 

e"6,e 

v2 t an  I" 
6,I = -  

11 



The secular and long-period terms for c tively 

5 J, Rz 
s i n  I"+ s i n  I" (4+9e"2) 

32 J2a3~3e" 

-JZR: 

32an2q4 
[( 2 + ea2) - 11 (2 + 3 e" 2, B2 - 40 (2 + 5 ell2) - g' = g'd+ 

3 2 J, an2 774 

(4+3en2) + e " s i n I "  (26+9en2) - 1 7's i n  I" e1182 

s i n  I" 
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16 J2 a"2q4 

s i n  I"(4+3efi2) [3+16B2 (1-562)-1+4084(1 + 5 0 2 ) - ~ ]  

1 5 J, eN8R: 

16 J, all3 q6 
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After adding the short-period terms, ro 

J2R: e = e"+61e+ - r12 
2 e'' 

[-(1-36.2) ($- -T-~)  

-~ J2R: ( L e 2 )  De'' cos  (2g' t  f') 
2 r14 

i t e" c o s  (2 g' t 3 f ')I 

J2 I = I"+ 6,It- K3 113cos(2g't2ff) 
4aii2 4 rl 

t 3en2 c o s  (2g ' t  f ' )  t el'cos (2g ' t  3 f ' ) l  
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1 + 3 e " s i n  (2 g + f ') + e" s i n  (2 g' t 3 f ' )I 

J2 
h = h'-- [ 6 ( f ' - 4 ' + e o  s i n  f ' )  

4a"2 4 rl 

- 3 s i n  (2  g ' + 2 f ' ) - 3 e" s i n  (2 g ' + f ' ) - e" s i n  (2 g' t 3 f ')I 

where f ' and r ' are computed from 

E ' - e " s i n E ' = $ '  
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The position and velocity vectors in rectangular coordinates m 
tained from 

and 

where 

E - e s i n E = $  

and where 

A = a (cos g cos h - sin g sin h cos I )  

A = a (sin g cos h cos 1 + cos g sin h ) 
Y 

A 

B, = - a i s  (sin g cos h + cos g sin h cos I ) 

B 

= a sin I sin g 

= a i s  (cos g cos h cos I - sin g sin h) 
Y 

B= = a K2 sin I cos g 

the rential correction of the orbit, the constants of integration a",  
e'', I",&,: gos, and hO"are determined. One or more drag parameters are 
also solved for if this is appropriate. 
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3. Local Station Predictions 

In this portion of the system computed values for the various observations 
at the times of observation are obtained. An actual observable at time, t n, taken 
at the i th station and of the k th type, is denoted by the symbol yo ,  k, 
while the computed value of this observable is denoted by Y c ,  k, ( t ,). In Table 
1 there appears a list of the various observation types, the symbols used to 
designate them, and the value of the designator k for each type. 

( t ,.,), 

Table 1 
Observation Types - y, 

k 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

Symbol 

P 
.e 
m 
8 + 
a 
8 
h 
6 
i 
0 
lil 

Name 

range 
east-west direction cosine 
north-south direction cosine 
azimuth 
elevation 
right ascension 
declination 
local hour angle 
range rate 
east-west direction cosine rate 
north-south direction cosine rate 
azimuth rate 
elevation rate 
right ascension rate 
declination rate 
local hour angle rate 
antenna x-angle 
antenna y-angle 

Formulas for obtaining computed values of the quantities appearing in Table 
1 will now be developed. Before these formulas are obtained, it is convenient to 
give expressions for the following quantities. 

Tli the station position vector 

4. 
mi 

ni 

the local topocentric east vector 

the local topocentric north vector 

the local topocentric vertical vector 

-1 

hi 4 i x  k 
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and their rates of change as functions of the coordinates of the i t h  tracking 
station. The inertial longitude or local sidereal time , h ( t  ), of the i th station 
at time t is given by 

where hGi , h 
tion in the system referred to Greenwich, the right ascension of the Greenwich 
meridian at t o, and the earth's angular velocity. Then, 

( t  o), and wedenote, respectively, the east longitude of the i t h  sta- 

-1 m .  ( t )  = -  sin+dicoshi(t)~-sin+disinXi(t) - j t c o s + d i k  

-1 n .  ( t )  = c o s  +di c o s  hi  ( t ) i  t c o s  q5di s i n  Xi ( t )  - j t s i n + d i  k 

-1 h.  ( t )  = c o s  A, ( t )  i t  s i n h i  ( t )  - j 

4 .  ( t )  = - wel l i  ( t )  
-1 

-1 ti. ( t )  = - we ( t )  

-1 A .  ( t )  = we cos Cpdi /ei ( t )  

where +di denotes the geodetic latitude of the i t h  station. Define P e i  and +c i  to be 

pei = (1- f)' t a n  +di 

+ci = a r c  t a n  pei 

where f is the flattening. The radial distance r from the axis of rotation of 
the earth to the surface point on the reference ellipsoid below or  above the ith 
station is given by 
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where Re is the mean equatorial radius of the earth. The radial distance r z i  
from the axis of rotation of the earth to the ith station is given by 

(15) r . = r t H i  C O S  +di 21 z s  i 

where Hi is the height of the ith station above the reference ellipsoid. The 
distance zs i  from the i th station surface point on the reference ellipsoid below 
o r  above the station to the earth's equatorial plane is given by 

(16) z . = p . r  
s1 ei z s i  

The rectangular coordinates x i  (t), y i  (t), z . of the i th  station and their rates 
of change are given by 

x i  ( t )  = r z i  c o s  hi ( t )  

Y i  ( t )  = r z i  s i n X i  ( t )  

z .  = z s i  t Hi s i n  cPdj 

X i  ( t )  = - w r z i  sin hi (t)  

i. = o  

Then, (t ) and' A i  ( t ) are given by 

- R, (t) = x i  ( t )  F + Y i  ( t )  - j t. zi k 

- R i  (t)  = ki  (t)  t y i  (t) - j 

19 



The vector from the ith station to the space vehicle, and the rate of change, are 
given, respectively, by 

It is now possible to write explicit formulas for computed values of the eighteen 
types of observations listed in Table 1. The output of this portion of the system 
contains computed values of the observed quantities at each time, t n. 

Formulas involving inverse tangent functions are quadrant-oriented, i.e., 
information needed to determine quadrants is contained within them. 
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where 

The expressions, y k , i ,(t), then are used to calculate the computed value of an 
observation of the kth type, relative to the ith station, at the time t. 
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In addition, the times at which 

' c , 2 , i  = o  

IT 
Y c , 8 , i  = 5 - 

2 

are provided in the output. 

4. Position in Ellipse 

The input to this portion of the system is the set of parameters{a, e, i , R ,  
w ,  M (to)> obtained from either the Conversion of Elements Section or the 
Conversion of Corrections Section. The output contains the vector quanti- 
t i e s a ( t ) , @ ( t ) , y  ( t ) , p ( t ) , q ( t )  7 -  r (t) 7 -  i ( t )  obtainedfromtheformulas listedbelow. 
Approximate values of and-u can be obtained from 

R(t)  = R ( t , )  + h ( t  - to) 

where 
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then 

R ( t )  = 1 c o s  R ( t )  + j s i n  R (t)  - - 

- a ( t )  = k c o s  I t IIQ(t) x kl s i n  I 

bcos  E ( t )  - q ( t )  - a s i n E  ( t )  - p ( t )  
- i- ( t )  = n 

1 - e cos  E (t)  

where E(t) is obtained through Kepler’s equation, and 6, here is the angle which 
the unit vector P makes with the nodal ray. This angle can be set equal to wo, wD t vo, 
GJ + v ,  or  s o m e t h e r  specified angle. 

5. Position Partial Derivatives 

This portion of the system is used to evaluate partial derivatives of the 
form 

1 

and 

for j = 1, 2, . . . , n, where quantities, xj , j = 1, 2, . . . , n, are  the unknowns. 
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Adiscussion of the position partial derivatives, the unknowns, and the formulas 
which give corrections to the elements in terms of the unknowns is contained in the 
section entitled Conversion of Corrections. (Cf. reference 3 in connection with re- 
lations such as (24-1) and (24-3) and related portions of this section and the Conversion 
of Corrections Section.) 

Let 

r (t) = a [l - e cos E ( t ) l  , 

C (t) = (1 - e ' )  cos E ( t ) ,  

S ( t )  = - m s i n E ( t ) ,  

and 

K = 2 cos E(t ,)  t e sin' E ( t o )  

Then 

3p2 (t - to) I-(t) 1 ---- + 
2 r  3 (t) 

W t )  - 
a 2 

(24- 1) 

(24-2) 

+ (1- [ K - c o s E ( t ) I  c o s E ( t ) }  q ( t )  1 - 

(24-4) 

(24-5) 
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-=  a i w  ,a4 [[{I t 2 c o s E ( t )  [ c o s E ( t o )  - c o s E ( t ) ]  
a x s  r 3 ( t ) K 7  

- e  { c o s E ( t )  [sin2 E ( t )  t cos2E( to )1  t 2 ~ 0 s  E ( t o ) j  

t e2 [2 c o s 2 E ( t )  t c o s 2 E ( t o ) l  - e3 cos3 E ( t ) ) p  (t) 

[ c ~ s E ( t ~ ) - ~ ~ ~ E ( t ) l [ e [ c o s E ( t )  t c o s E ( t o ) j  -.I) s(t)l (24-6) 

(24-7) 

(24-8) 

(24-9) 

(24- 10) 

(24-11) 

(24- 12) 

(24- 13) 

(24- 14) 
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a i  (t) - -  - 

3x19 r3 K-2 
a4 n (1 - e  cos Eo)2 

[(e - cos E) p t S (t) q l  . 
e - 

(24-15) 

(24- 16) 

(24- 17) 

(24- 18) 

(24- 19) 

(24-20) 

(24-21) 

(24-22) 

(24-23) 

(24-24) 

The partial derivatives of 
X 2 0 i q  
and, x l l ,  respectively, when q = 0. For other values of the index, in the range 
q = 1, 2, . . . , 19, the partial derivatives of 

(t ) and i (t ) with respect to the unknowns 
X 4 O i  q sire the same as the partial derivatives with respect to xl0 

(t) and J ( t )  with respect to 
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x 2 0 + q a n d x 4 0 + q  are the same, respectively, as t 
spect to x20 and x40 with the exception that the 
to the epoch tq , while the latter partials are re 

This portion of the program uses, as input, the specification of the set of 
unknown parameters, x , and the times tn , n = 1, 2, . . . , at which the appro- 
priate position partikl derivatives are to be calculated. This portion of the pro- 
gram also uses ap input either the output of the Position in Ellipse Section of the 
program o r  corresponding information from the portion of the program which is 
used to calculate the satellite position. 

6. Observation Partial Derivatives 

The inputs to this portion of the system are  the outputs of the Local Station 
Predictions Section and the Position Partial Derivatives Section. The output con- 
tains the values of the partial derivatives of the observation of type k from the i th 

tracking station at time t ,, with respect to the unknowns , x , for various values of the 
indices. It will be understood that the quantities such as gi (t) , 8. (t) , (t) , etc. are 
functions of the time, t, and the ith tracking station, and therefor:, for convenience, 
we shall, attimes, write m, 8, - p*, etc. The partial derivatives are  now given. 

aP aL 
ax .  
- - -  -e*.=. 

J J 

am 
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ax 
1 

t 
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where 

and 

-- - - -  
ax. axj  J 
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7. Equations of Condition 

The input to this portion of the system includes the values of the various 
(tn), and the outputs of the Observation y o,k, 

Partial Derivatives Section and the Local Station Predictions Section. The out- 
put of this portion of the system contains the equations of condition and the 
normal equations. 

(tn) , values for weights w k, 

The equations of condition are 

The normal equations are 

where the weights, w ~ , ~ ,  are functions of the observation type, estimated or  
observed uncertainties, and factors associated with the geometry of a particular 
pass at a particular station. Weights , including null weights , can be assigned 
to subsets of observations selected in terms of time, station, type, or  residual 
characteristics. 

8. Least Squares Solution 

The input to this portion of the system is the output of the Equations of 
Condition Section. The output contains values for the various quantities, xj  , 
and statistical information associated with the f i t  to the observations. 

9. Conversion of Corrections 

The input to this portion of the system consists of the output of the Least 
Squares Solution Section, the Conversion of Elements Section and the Conversion 
of Corrections Section associated with the current iteration. The output includes 
the original value , the previous value, the new value of each of the parameters, 
and the standard deviation of fit, and its increment. 
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Corrections to the previous values or the original va 
and associated parameters are obtained in the manner indicated in the following 
discussion. 

The partial derivatives and the corresponding expressions for the differen- 
tial changes in the elements as functions of the unknowns are  employed in sets. 
For example, when the partial derivatives 

al; 
- 9  

a x  j 

j = 1, 2,  . . . , 6 ,  i.e., the expressions (24-1), (24-3), (24-5), (24-7), (24-9), and 
(24-11), are employed, the use of formulas for obtaining differential changes in 
the elements as functions of the unknowns can be indicated in the following way. 

The expression 

6 a  = a x  1 ’  (29) 

gives the differential change, 6 a ,  in the semi-major axis, a , as a function of the 
unknown, x1 . 

Similarly, the expression 

1 6 e  = x 2 ,  

gives the differential change, 6e,  in the eccentricity, e , as a function of the un- 
known, x 2 .  

The differential change, 6 i , in the inclination, i , is given by the relation 

where the quantities 6 p  and 6 y are obtained from the relations 

and 
6 p = X 5 ’  

6 y = x s .  

(32) 

(33) 
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Hence, the expression for S i  directly in terms of the unknowns is 

6 i  = x5 cos 6, - x6 sin 6, . (34) 

In similar fashion, the expression obtained for the differential change, 6 R , 
in the right ascension of the ascending node, R , directly in terms of the unknowns 
is 

the expression obtained for the differential change, 6 M,, in the mean anomaly at 
the epoch, M, , directly in terms of the unknown is 

(1 - e cos E,)2 1 
e 6M, = - xg 7 

h-2 

and the expression obtained for the differential change, 6 w ,  in the argument of 
perigee, w , directly in terms of the unknowns is 

The relationships between these two sets of formulas for computation, i.e., those 
for the partial derivatives, and those for the corresponding differential changes 
in the elements as functions of the unknowns, can be indicated in the following 
way. 

In view of the relation (29) we can write 

from which expression (24-1) can be derived. (Cf. reference 3 in connection with 
this relation and portions of the following discussion.) In view of the relation 
(30) we can write 

from which expression (24-3) follows. 
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The quantities Sp and Sy denote, respectively, differential rotations of th 
orbit plane about the 
of expressions (24-9) and (32), and (24-11) and (33). We can also write the ex- 
pression (37) in the following form: 

and y .axes, as can be seen, respectively, from the pairs 

6 w = 6 wa - ctn  i ( 6 , 8  sin 6 ,  t 6 y cos SI), (40) 

where the terms involving S,8 and 6 y correspond to the differential changes in w 
due to differential rotations of the orbit plane about the fi and y axes, respec- 
tively, and the term 6 wa corresponds to differential changes in w due to differ- 
ential changes within the orbit plane, Le., to differential rotations about the % 
axis, i.e., 

and 

and, from (37) and (40), 

1 
= x4 -eX3. 

In view of (36) and (44) , we have 

(44) 
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, 

and 

from which expressions (24-5) and (24-7), respectively, can be derived. 

The partial derivatives 

j = 1, 2, 3, 5,  6 ,  19, 

i.e., the expressions (24-1) , (24-3) , (24-5) , (24-9) , (24-11) , and (24-23) , are  fre- 
quently employed. The use of formulas for obtaining differential changes in the 
elements as functions of the unknowns in this case can be indicated in the 
following way. 

The expressions (29), PO), (34), and (35) occur as in the case discussed 
previously. The differential changes in the mean anomaly at the epoch and the 
argument of perigee obtained in this case will be denoted, respectively, by the 
symbols 

6 M o l ,  and 6 u l ,  

in order to distinguish them from the corresponding quantities which were 
discussed above. 

The expression obtained for 6 Mol , directly in terms of the unknowns is, 
in this case, 

(1 - e cos E,)* 
d c - 7  

6 M o l  = 
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The expression obtained for S ul, directly in terms of the unknowns i s ,  in this 
case, 

c t n  i (xs sin 6, t x6 cos S l ) .  x3 6w, = --- 
e 

We can also write the expression (49) in the following form: 

(49) 

where, here, the terms involving b p  and Sy correspond to the differential 
changes in the argument of perigee due to differential rotations of the orbit 
plane about the and y axes, respectively, and the term 6 ala corresponds to 
differential changes in the argument of perigee due to differential changes within 
the orbit plane, i.e., to differential rotations about the a axis, i.e., we have the 
relations (41) and (42) and 

and, from (49) and (50), 

In view of (48) and (52) we have 
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and 

from which expressions (24-5) and (24-23), respectively, can be derived. 

Corrections to previous or original values of other parameters of interest 
are obtained with the aid of formulas (55) through (67). 

Ji - e2 cos2 E, 6 v  -- 
O -  2 x8 ' 

6n2 = n2 xl0 , (58) 

6ns = n3 xll , (59) 

The corrections 6 n2, and 6 n3, , bear the same relationship to the unknowns 
x2, and x4, , respectively, as do the corrections 6n2 and 6n3 to the unknowns 
xl, and xll , respectively. 

The ratio of 6 n2, to is the same as the ratio of 6n2 to xl0, for 
q = 0, 1, 2,  '.. , 19, and similarly, the ratio of 8n3,q to X40+q is the same as 
the ratio of 6n3 to xll, for q = 0, 1, 2, 0 - , 19. 

i=l 
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and 

These latter relations are used, for example, when the spacecraft position 
is specified by means of a special perturbation numerical integration method 
referred to Cartesian coordinates. 

This completes the outline of the contents of the nine basic portions of the 
Goddard General Orbit Determination System. 

IV. STJMMARY 

e mathematical description of the 
ix A contains 

ipients of the orbital information 
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APPENDIX B 

Differential Correction System Flowchart 
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The Differential Correction program is designed so that the basic computa- 
tions are performed by several subroutines. This portion of this paper presents 
the logic of these subroutines and describes their relationships to each other 
and to the main or executive program. It is intended to be an aid in relating 
the actual computations to the formulae given earlier and to show the logical 
flow of these computations. 

The location statements (Q statements) and constant statements (V state- 
ments) for each subroutine are  presented along with a Table of Contents and 
Cross-Reference Listing for the subroutine. The Cross-Reference Listings 
show for each label in the subroutine the page and symbol number for the 
label itself and for all points in the flow charts at which transfers to it are 
found. These latter points a r e  referred to as  references in the Cross Reference 
Listings. These page numbers refer to the flow charts and are  at  the right 
uppermost corner of each flow chart page. They are not to be confused with the 
page numbers of this paper itself. An asterisk, *, indicates that there a re  trans- 
fers to a label other than the one shown. 
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0003 I 

wo3s 

me64 
ow93 

a0023 

mo24 

01816 

00283 

Ol8lT 

00481 

00091 

00460 

1 .a 
1 .e5 

1 .Jo 

2.m 
2.15 

2.18 

2.00 

2.25 

3.0r 

3.a  

3.33 

3.34 

4.21 

4.19 

4.16 

4.04 

5 .e 
5.44 

6.14 

6.09 

5.45 

6.12 

6.P 

6.21 

T .06 

7.24 

8.01 

8.03 

16.06 

9.05 

8.15 

8.25 

9.10 

9.13 

9.20 

9.03 

132.36 133.33 

16.03 16.01 
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~ ebm 
-;i $#,os 
lo. 10 

10.15 

in.tt 

1o.oe 

1o.m 
10252 

m.se 
11 ‘85 

11.10 

%k .l? 

11 .e3 
11.58 

li?.oS 

12.13 

12.16 

12.25 

13.12 

13.16 

13.24 

13.X 

14 .M 
14.10 

15.M 

1s.m 

16.04 

16.08 

16.12 

11.14 

16.16 

18.19 

9.15 

i2.a 

10 .os 
10.13 

11 .M 

10 .24 

10 .es 
10.34 

10.40 

10.37 

10.54 

11.37 

11.22 

12.06 

12.18 

13.04 

13.14 

10.09 

1326 

13.34 

13.35 

14.30 

14.31 

16.01 

114.14 

%.it* 

1l.M 11.05 

10.43 

10.40 1l.M 

13.11 
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Q9orJ3703f01 

Q9!3040021LM 

g9004103551 

g90045mbM 

g90045zosBM 

89o04602541 

~ 0 4 4 0 1  

a91xu701956 

Q9004904056 

o9oo5001381 

cR3fJnS803498 

cR3fJnS9013~ 

mm6002476 

Qsw6lxi101 

a90D82041M 

49006300151 

-02751 

r7900(1502721 

G9008704026 

a9006803401 

d 9 0 2 7 6 1  

a9oo7002651 

a9007102521 

~ Z ! J 3 9 ! 3 1  

Q9!307304201 

Q9JO7401941 

090075L13301 

09007603351 

09007704491 

Q9007902936 

mooaio23ot 

0910B202BOl 

99008302418 

6OMf8404s01 

Q9008S01201 

QQOOdbO1301 

0-C PRINT RNcTIU4 

ABSOLUTE VALUE 

RANGE RATE mff10N 

LOAD 03lSTRAINT MItrHfS 

OELTA TAPE B A D  AM IN-. 

aS4nRo LOAD 

INPUT a3NvERTER 

OWPUT SCALE 

LOAD DRA6 DATA 

RU-4 I E N T .  LOAD + PRINT 

SATELLITE IDENTIFICATION 

DAY CMMT 

OBSERVED DATE TO J.D. 

ORBIT GENERATOR I N I T I A L I Z E  

ELEMENT LOAD 

MATRIX CLEAR 

089ERYATION LOAD 

SPO 

ORBIT GENERATOR 

LOCAL STATION PREDICTION 

POSITION IN ELLxPse 
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~ 7 0 1 4 0 1  

Q9oo8Bo1601 

491108902316 

-1 

Q9109101701 

-303501 

49009403521 

Q#X19602196 

C)#3CIS102101 

Q90098Ml% 

Q9o09904331 

Moo32*ooRx)L1x)~ 

V00461*16W0000*02 

voo815*1ooDLxxM*01 

voM59-1OD00a00*01 

yo0460+10000000*02 

V00465+1omomO+05!  

v C w J 4 6 6 * 1 ~ + 0 1  

V004?5*00000000+00 

voD498+1OWJUXJ+Q3 

Mo495+28oM)13W+w 

V M o S 8 * l O W O W O + O l  

~ + M o w w o + O 1  

V o o W 3 + 5 0 0 0 a 0 0 0 + 0 1  

VOWOT+500000M3+02 

VOW09+100MOOO+M 

vm10+woMxxKI+M3 

v o w 1  1 +lc34mOma+131 

V 0 0 0 1 2 + 1 9 0 0 0 0 0 0 + M  

VocM13+18000000+02 

V o W l 5 + 5 ~ + 0 1  

v O M 3 1 6 + 1 M 3 0 W O O + M  

V W 0 1 7 + 1 M M o W 0 - 0 2  

vW018+1MM0000+W 

vIxM58+2MK1o000+01 

NO. Q ELE?QJTS 

MAX. M. OF VARIABLES 

Ew). CF WORDSELEMENT NAME 
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NASA-GYC W I S S 1 a  A N 0  TRAJECTORY ANALYSIS I ) I V I  

SET F IR  SIWLE PRECISION 

P A G E  1 A  CONTINUED 
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NASA-GSFC MISSICN AND TRAJECTr#Y ANALYSIS D I V I  

- K VAL* = m1m 

PAW IT 

PRINT R€WS?ED 
QWNTITIES 
PRINT RElxEsTm 
W T I T I E S  

N3. OF L I E S  m 

I 5 

M I T E  PRINTER 

I I 6 

- -  I , .  r IS ANY PRINT I 
REBESTED a 
- 1 -  

0 

I 16 
(fa. CF LINES 

PRINTED) +I 
S 

rJMo8 = 
003138- 

I 
- 

I 18 
- 1 -  

HAVE ALL RE*. 
I LINESDEEN I 

PRINTED 

- 1 -  

1 7 . D 9 d  
00133 

6 EXIT 

84 



PAGE 17 CONTINUED 

r- 
I 

- - 1 -  - 
7 - -  I <  
8 YES. SCALE SIGMA e - - 1 -  - 

02521 

INPUT 917312 
RESLLT Lm15 

I 2H 

85 



NASA-GSFC MISSION A M )  TRAJECTmY ANALYSIS D I V I  

K VAL@ LlCllLlCl 

u3 

17.19 

c- 
e BEGIN DolJll 0 - - 1 -  - 

~ QUANTI T I E S  

LOC. CF G suo 1 

I 16 

PAGE 18 

SUDRWTINE 
INPUT LlLl024 

RESULT ‘30L125 

28 

86 



P A G E  18 CONTINUED 

29 

WITE TAFE D 

17.15 0 
17.15 0 
00110 

87 



NASA-CSFC wssrcw AH) TRAJECTORY ANALYSIS DIVI  

K VAL= 3 WICK) 

18.24 

BEGIN Lm31 8 - - 1 -  - 

OD110 

PACE 19 

88 



nAs*-GSFc WISSIOW rub TRAIECIoRI AMLISIS OIVI 
K VAL= = odlcx) 

Q90WOaM00 

Q9Lxx1103100 1 ST La.  

0 9 0 0 0 m l O l  2 M SlG. 

Q9orJo3r33102 3 RD STG. 

1)9oor3403103 4 m STG. 

asJ(xHCl31W 5 TH STG. 

WJfXB03105 6 TH STG. 

a9wo703106 7 M STG. 

# DATA STORAGE 

ux. 
La. 

Mc. 

Loc. 

Mc. 

Loc . 
No. OF LINES TO 

OUTPUT SCALE 

PRINT 

Q 9 3 3 1 m 2  PRINTER OUTPUT OPTIUU 

Q9331100178 SIGMA 

CHANGE I N  SIGMA 

ITERATION No. 

LIS?= 
V000Z7+l~xXMoOO+ 

F A G € b o *  mFa=u= 
00101 15.43* 17.01 

17.10 00132 1f-W 

lT.20 Dol33 11-09 

a0111 17.19 18 *M 
00128 10.11 10.14 

18 .e5 OO13O 18.P 

18.35 OD112 18.33 

19 .M 

19.03 

00129 10.13 

O M  31 18.24 
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NASA-CSFC MISSICN AH) TRAJECTORY ANALYSIS D I V I  

K VALVE = mi50 

(043 PRINT F W T I C N  FOR 
O.C. 

KW13 = 92826 & I 6 

DcM16 = ,~ 00916 = INTEGRAL 

PAGE 20 

18 - -  I ,  

INPUT 93255 
RESUT f3-7316 

90 



PAGE 20 COWTINULO 

ClPSLI I I 

X+W=SX=ALPH.REP. 
I 

m o l 7  = 
t7Ln16+cirM18 

I 

I 13 

I 14 

9m 
5 

Kt017 = 
r13017W3303 

I 
I 15 

1 ,I, 
SCALE 0-C , 

I 31 

WZITE TAPE D 
DCD mOE 

91 



NAU-GSFC MISSICN AH) TRAJECTCRY ANALYSIS D I V I  

K V A L E  = !Y31M 

PAGE 21 

92 



PAGE IK)X LABEL RCFCR&CS 

20.01 00151 12.15* 

21.03 OMSB 21 .M 

21 .m 00159 21.04 

E N  

100 

EWATORIAL OR POLAR IOENT 

STATION LABEL 

w? wo 01 

M M I  

SE. SEC 

OBS TWE 

OBSERVED W A N T I T I  

OrPUTm WANTITI 

0-c (IIFkEIGHTED) 

0-c M I G H T R ) )  

OBSERVATION WIGHT 

OBS. m. 
CUTPUT SCALE 

10 To 3 

93 



NASA-GSFC M I S S I C N  AM) TRAJECTORY ANALYSIS O I V I  

K VALUE = 0im 

EGlUAL 

19 

PAGE 22 

LSP (LOCAL STATICN 
PREDICTICNS) 
LSP 

I 
I 3 ~1 

REESUT m 4 7  

~ RESULT m 5 0  

I 6 

Ll1210 

17 

IS OBS. THETA I 1 
c - 1 -  7 

- - 1 -  - 

INPUT 000Ti 
RESULT 00035 

CBS. = THETA 2 

1, 
00493 23 

L, d 

7 - -  8 B E G I N  1 ,  9cM51 e 

- - 1 -  - c III 4 
I USE G2 BAR 

02001 

INPUT 00012 
RESULT Ob035 

~ 

01228 
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I 9 

e .  1 

I 11 

02076 
9 - SUBRCXTIK 
0 I W U T  L7cn6ci 
1 RESULT PY-332 

I 

SUBROUTIN 

- 
I A N )  G3 BAR I - - 1 -  - 

95 



NASA-GSFC HISSION A H )  TRAJECTU?Y ANALYSIS DIV! 

1( V A L E  = 012(30 

- - - -  I t  
0 BEGIN OD011 a - - 1 -  - 

I 2 

7 I 
R E G V E T Y  
AMBIGUITY IN I 

INPUT OoM30 
RESULT LMo00 

01212 

c - -  a W I N  f, !33312 a 

- 1 -  - L 

I 12 

PACE 23 

t BEGIN 00014 t 
L --J 

c 
A Z I M J M  

6 
01227 

96 



01213 7 
I 18 

I 18 

I 19 

ELEVATION 

@ 
01228 
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NASA-GSfC MlSSlCN A N )  T R A J E C m Y  ANALYSIS DIVI 

K V A L E  = 01200 

PAW 21) 

B BEGIN !XI016 B - - 1 -  - 
1 1  2 

7 - -  
I RIGHTASCENSICN B 

SU3WUTIK 
IWUT fRo76 

RESULT rJcx135 

$J 
01227 

LOCAL HolR A W E  

I,,,,,/ 

1 a 

26 .g7 

01227 

L-RATE 

c - -  I :  
8 BEGIN OOOZO a - - 1 -  - 

I o m 1  

I 21 

0ooq9 = 
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PAGE 24 CON TIN U ED 

01219 LT-’ 

01227 

* 7 - -  BEGIN f, 00017 a 

01228 
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NASA-GWC MISIICN AND lRAJECMRY ANALYSIS O I V I  

K V A L E  = 

8 
2 

6 
1 

CI 

L 

02001 

SuBROvTINE 
INPUTOW76 

RESUT 00041 

- -  I 
BEGIN OW21 

- 1 -  2 

I 10 

I 11 

1- 
I 12 

& 
01 229 

CAGE 25 

c - -  $, 
e BECINODDZ4 0 - - 1 -  T. 

I 19 ~1 INPUT Ome2 

1 RESUTOW38 

T 

mi-1 INPUT 00083 

1 RESUTW044 

6 26.18 

01229 

100 



P A G E  25 CONTINUED 

01223 

7 - -  4 BEGIN f, CmZ3 -a 

I 16 (5 27.98 

01230 
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NASA-GSFC MISSION A N )  TRAJECTCRY ANALYSIS DIV! 

K V A L E  = 012’30 

8 
2 

6 
1 

P A N  26 

02!301 

SlSRarrINE 
INPUTLMo74 

R E S U T m 3 5  

I 2 

01227 

22.22 - 
: BEGIN ‘ L ’ 2 7  : 

-3- - 7 

IWUT OM81 
1 RESUTCKnSR 

02041 

RESULT cILM41 

02041 I I SUORWTIM I 
IWUT 00O78 

RESULT IWO44 

~ 01229 

rl-% 02051 

1 11 

02246 

INPUT (3LY-762 
RESVLT li!!M99 

25.12 7 - -  7: 
I BEGIN OW29 : - - 1 -  T, 

I 21 
I 

8 o m 1  
2 I 

’32D51 

INPUT W035 
RESULT 00066 

I 24 
c .  
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PAGE 26 CONTINUED 

L)! 22% Q 

I 15 

I 16 

INPUT 90056 
R E W T  CJWIClS 

I e7 
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NASA-CSFC WISSICM A H )  TRAJECTWY ANALYSIS DIVf 

K VAL* = (11- 

7 ' 1  

rXn31 = T 
25.16 7 - - 7  q? 
8 BEfIH000X.J a - - 1 -  - 

I 10 

I I 1  

02951 

INPUT IWJ38 
RESUT W W  

SUBROUTINE 
INPUT 00035 

104 



WrmING SlG. <-IN -AM) 

WrmIW SlG. (EGIN 03mAM) 

-BAR 

(RbO BAR)* 

RtO 001 BAR 

(RK) DOT BAR)? 

RH3 

RH0 DOT 

OBSERVATION TYPE 

G 1 BAR 

G 2 BAR 

G 5 BAR 

G 4 BAR 

G 5 BAR 

G 6 BAR 

C 7 BAR 

G 1 DOT BAR 

c 2 DOT BAR 

c 5 DOT BAR 

c4001BAR 

G 5 DOT BAR 

G 6 CQT BAR 

C 7 MIT BAR 

VQ 

VECTOR HOVE 

DOT Pr#X)tKT 

VECTOR MAGNITCDE 

VECTOR SUBTRACT 

VECTOR DIRECTION 

SCALAR-VECTOR !#&TIPLY 

ARC TAN ( Y / X f  

ARC SIN 

SgJAa RWT 

R BARsSAmLITE POSITION VECTOR 

CAP R BARISTATIQN POSITICW VECTCR 

R DOT BARISATELLIT€ VELOCITY VECTOR 

CAP R MIT BARtSTATICW VEWCITY VECTO 

CU@UTEd OBSERVATION 

ICMEPl€RE OORR. FIMCTION 

(R BAR)* 

RANCE AMBIGUITY RESOLUTION F. 



CROSS-REFERENCE LlSTlN 0 

P A G E  BOX 

22 .01 

22.23 

22 .26 

23 .Ol 

23.10 

23.16 

23.22 

23.26 

24 . O l  

24.05 

24.01 

24.12 

24.19 

25 .Ol 

25.00 

25.13 

25.1f 

25.22 

26.01 

26.01 

26.13 

26.10 

21 .m 

LABEL 

01201 

00493 

00494 

0121 1 

01212 

01213 

01214 

01215 

01216 

0121 1 

01218 

01 21 9 

01220 

0 1 n 1  

01222 

01223 

01224 

0 i .m 

01226 

0122 I 

0 1228 

01 229 

D l  230 

REFERENCES 

11.12* 11.20* 176.20* 119.0% 1?9.18* 

22.18 

22.10 

22.22 23.25 24.04 24.11 

22.25 23.21 24.06 

25.12 25.21 26.06 

25.16 25.24 
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NASA-GSFC MISSION A H )  TRAJECTORY ANALYSIS DIVI 

K VALUE = 013L7C) 

PAGE 2H 

P!X (POSITICN I N  ELLIPSE) 
POSITICN I N  ELLIPSE 

1u.m 

I BEGINC73331 I 
L - * -  4 

I 2 

m 3 3  = m i  I 
m 3 4  = 99x12 Q 

6 

I 3.3 

c -3- I  ax? I 

- - 1 -  T, 

I 23 

0 

7' 33 

34 

I GAMMA BAR I 
c - 1 -  1 

- - 1 -  T, 

107 



0 2s 
09 

14 

I U E G A  BAR e 
7 - 1 -  1 

- - 1 -  7 

XKI27 = L W 5 0  + 

1 2 6  

I 27 

I 33 

31 
c - 1 -  7 - - 1 -  - I BETA EAR 

INPUT LiCifizL? 
RESUT W 2 5  

Q 
42 

- - 1 -  T, 

I 44 

c 
I SIN 
L 

45 

47 

b Co5 M BETA BAR e - - 1 -  - 
INPUT -16 

R E S U T  W085 

108 



NASA-CSFC MISSIGN AHD TRAJfCTCTORY ANALYSIS DIVI 

u V A L E  = 013r3rJ 

7 ‘ 1  

I 3 

c12L141 

IffuT WJc725 
RESULT W34 

d-i ‘32271 

‘32216 

Iwur 00m5 
RESUT 901740 

c 
I 
L 

I rn 

I E 2  

PAGE 29 

I 37 

38 
1 

I 
4 

c - -  I 
’32‘376 

SUORWTI NE 
INPUT 90’336 

RESULT 90L141 

c - -  I 
1 R H4GNITU)E 

40 
1 

a 
d 
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12 

6 S IN  E(T) - - 1 -  7 
8 
5 

L i  
I 

. 

I Li21L11 

!JE!31 

SmRXJTINE 
INPUT LY-7-12rJ 

R E W T  93337 

4 

I 26 

c - -  I , "  
I I? BAR - - 1 -  - 

I 29 

I 31 

OB-176 

INPUT LiLiLi15 
RESULT GOfi2L1 

I urn1 1 
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T(C1), EPOCH TIME I N  C.U.T. 

=I MA- AXIS AT TI TIME OF OBS. 

ECCENTRICITY AT T 

MEAN ANOHALY AT T(0) 

ARC. OF PERIGEE AT T ( 0 )  

LONG. OF ASC. W E  AT T ( 0 t  

J 

MU 

S(T) 

C (T) 

R (MACNITWE OF R BAR) 

V (MAGNITWE OF V BAR1 

DELTA AT T(0)  

MEAN ANOHALY AT T 

ARC. OF PERIGEE AT T 

INCLINATICN AT T 

LOM;. OF ASC. N3DE AT T 

MEAN M3TION AT T(O) 

ALFHA BAR 

ALPHA SUB I( 

BETA BAR 

GAMMA BAR 

F BAR 

Q BAR 

R BAR ( P O S I T I W  VECTOR) 

E(T1 (ECCENTRIC AFIMALY) 

V BAR (VELOCITY VECTX?) 

TI TIME c)F CBS. I N  C.U.T. 

VQ 

VECTOR MOVE 

CFa3SS PWQUCT 

VECTOR MAGNITUX 

SWARE f?o3T 

PRINCIPAL VALUE 
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Q 9 c D 9 1 M l O l  

Q9009202105 

Q90159302216 

09009402031 

69009502041 

Q90159602076 

V~07+50O!JOcM0+01 

V00008+4ooW~0+01 

V00049+W~!3000+00 

VcM050+0W00000+00 

V00051+10W0000+01 

SIN 

ars 
KBLER 

VECTOR AM) 

VECTOR SUBTRACT 

SCALAR MULTIPLY 

112 



NASA-GSrC UISSION AN)  fRAJECTORY ANALYSIS OIV?. 

li VALUE = 01355 

O F A R X i a  

90022 = 90014 
r 

01356 

I 14 . W I  1 

I 17 

I 18 

PAGE u) 

7 - -  I 
I NAME OODZ2 
L ,  6 

37 - 
a 

---1 

113 



PAGE 30 CONTINUED 

c? 
8 

0 c -  NACLm22 p_ 1 I - - 1 -  - 
0 

- 1 -  -I: 
I N A M O ( M 2 2  a - - 1 -  - 

I 24 

I 26 

i. 
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NASA-GYC MISSIUd AN) TRAJECTCRY ANALYSIS DIVI 

K VAL= = c11355 

I 3 
I 

i + c m .  RK) SLB 
1 
I 

9.3351 = 
moo6+90016 

I 
I A 

0 01374 

01365 G7 
I BEGIN ~ 1 0  I - - 1 -  - 

5 

I 6 

I 7 

STCRE PREV. A 
S 

9c)!zrJ = 93-7.1 

I 8 
F W 3 . A  + E L T A  = 

CCRR . A  
S 

9!3m1 = 
93,391 +LM016 

I I 9 

I 10 

PREV.E + DELTA = 
C0RR.E 

90002 = 
9LL002+L7!3016 

PAGE 31 

e5 

I OVER DELTA ELEM. I 
c - -  1 1  

- - 1 -  - 
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PAGE 31 CONTINUED 

I 14 

c - -  1 :  
6 N A H E r m l l  6 - - 1 -  - 

I 19 
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C*cf 4 A  NASA-CSFC MISSION AwD TRAJECTORY M L y S I s  D!V1 

nIsCfXLANExJus STATEIOVTS 

I( VAL= = 01355 

~ l l r n  
QSOM)lMlOl  A (Pm3Ious ELQEWs, WXQ) 

1st CI 100 L 0 C S . m  WICH BIN. RECO 

a#1oO201lIK E REPLACED BY ELIE 

49ooo301103 MJ Ti€ FUNCTIN) 

QsLxxu01112 ANtlE O U T A  

49000501113 U 

Q9OtKl601114 AWL€ PHI  

Q9ooo701115 A%. OF PERIGEE 
a9000801 116 I 

Q9w0901117 us. OF NaE 

49001001 I19 N 

49001101120 ECC. A M n A L Y  

p9001201123 PERIOD 

Q9OO1301124 HT. OF PERIGEE 

a9001401125 HT. # APOGEE 

49001601150 N(2,Q) OR WO SUB I 

49001701170 N3tQ 

490018011% SIGMA 

49001901104 FIRST LOC. OF POS. + VEL. VECTORS 

Q 3 0 0 ~ 5 0 0  DELTA A (REPL.BY PREV.A IN F.) 

Q9fJOZlQ0523 PREV. HT. OF PERIGEE 

G9LxmM524 PREV. HT. OF dpota 

Q9002300525 DELTA N121Q) OR DELTA RH0 SUB I 

Q9oc)i?400545 D a T A  N3tQ (ROPLACEO BY CREV.NSsQ IN 

Q90!32500522 PREVIaJS PERICC) 

09L702700503 DELTA R BARtV BAR (REPL.BY PREV.VECT 

Q9M32800509 FIRST OF I1 LOC. # PREV. ELEM. 

49003003851 C 

091M3103852 w 
09L703200599 M (H3. OF W W S )  

49003300048 N 

~ 9 0 0 3 4 ~ 3 0 4 9  W OF (0-C) SQ. 

Q9w35OO1 r0 SIGMA 

09003690065 

491303713131382 

89L703813001.9 

890134002196 

CHANGE I N  SIGMA 

ABS. VALUE OF DELTA SIGMA 

(DELTA SIGMA) /SIGMA 

SQ.RT. 
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R VAL= = M355 P M E  4h CONTINUED 

M L E  m. 
ABSOLUTE V A L E  

ELEWMT LOA0 (CONVERSIW OF ELEW.1 

INO. ff H5RMAL OR SPECIAL ENTRV TO E 

FIRST OF 11 LOC. OF PREV. ELEW. 

CORR. VALUE OF I l +  RIX) 1) I C  WB 0 )  

PREV. VALUE OF ( I +  RFlo 1) (C WB 01 

C S U B O  

VECTOR M A W  I T M E  F . 
PR€V.ML.MCTOR (REPL.BY CORR. I N  F. 

PEV.MAG.VR. IREPL.BY tORR. I N  F.) 

DELTA M A G - K L .  (REPL-BY PREV. I N  F.) 

1ST L0C.W 9 DELTAS IREPL.BY PR€V.EL 

ORBIT GENERATOR I N I T I A L I Z E  

ORBIT GENERATOR 

OBS. TIME I N  C.U.T. 

CJRBIT GENERATOR I D M T .  

2 P I  

CROSS-REFERENCE L IST ING 

PAGE BOX L A B E L  R EFEREN CES 

30 .Ol 01 3% 14.24* 

31 .Ob 01365 30.05 
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NASA-GSW U I S S I W  A N )  TRAJECTORY ANALYSIS O IV I  

K VALUE = Dl580 PACE 52 

11.25 

01389 I 5 - - -  - 
e B E t I N X D 3 9  e 

--1 - - 1 -  
I 6 

c 
8 
L 

EaWL 

4 
1 

KS. TEST e 
- -  -c 

1113911 Lrl 

1- 01394 

I BEGIN '3-?!314 - - 1 -  

17 
1 

I 
d 

18 

(THETA 1 )  ' - 2 
c - -  8 YES. I , "  TEST I - 1 -  

. I 

e BEGIN L l L l 9 l l  I / 
C W A R E  909173 

TO LlLlLl15 

!3!M 12 = 
L1917!15 - 9LlL1'34 

91382 

I 
(7J 

119 



PAGE 12 CONTINUED 

Q o  

D l  393 

YES. SET C = C + 

9Lm2 = 
5l!xKi2-5 

120 



WAS-CSFC MISSIGN A m  TRAJECTCRY ANALYSIS D I V I  

U VALUE = l)l= 

3 2 . 1 2 4  
1 
1 

1 
-I 

2 

TO 9Lm32 

I 01 382 

12 1 



CROSS-REFERENCE LISTING 

c A s e . O X  TABLE REFERRICES 

K V A L E  = 01380 

sp! .Ol 01381 11.2* 

32.05 01 389 32.03 

32.09 01391 32.04 32.30 

32.1r  01 394 32.01 

32.24 01398 32.21 

32.21 01 390 32.03 

33.01 01 393 32.12 32.14 

0 (OBS. QUANTITY I N  RAD.) 

C (CCMPUTED QUANTITY I N  RAD.) 

WSERVATICN TYPE 

T (TOLERANCE I N  RAD.) 

2 P I  

P I  

(PURPCJSE IS TO REDUCE C W U T E D  ANGL 

WMN (0-C) IS’LARGE DUE TO DIFF.  

AROUND 2 P I .  ALL INPUT AND OUTPUT I 

USES 1.3 LOCS. ) 

122 



WASA-GSC MlSSIm A H ]  TRAJECTORY ANALYSIS D l V I  

a VALUE = 014cw3 

PP (WBIT1C))J PARTIALS) 
P06ITIU4 PARTIALS 

13.07 

I BECINW0131 1 
L - 1 -  - 

90082-90083 

~~ 

2 

4 

EXCEED 74 

- 1 -  
\HIGH 

LO/EQ I 
J IS LESS THAN 74 

8 
1 

# BEGIN U-iCi79 I 
L - . -  4 

I 6 I 
I c YES I 

7 I 7 . -  
a Go T O #  
L 

10 

I BEGIN cw3101 e 
c - 1 -  1 

PAGE 34 

INPUT 00057 
RESULT -85 

I 27 

SUBROUTINE 
INPUT m 5 5  

ESULT 'JUJ4.3 

I- 16 

SUBfirWTINE 
INPUT 9!1118Li 

RESULT 9'31.i85 

123 



m 5 7  = 
mt34*9Cn84 + 

124 



NASA-CYC WISSIol A H )  TRAJECMRY ANALYSIS D I V l  

IC V A L E  = 91400 

I 6 

I 8 

7 18 

I 20 

I 23 

I 24 

PAGE 35 

125 



PAGE CQNTINUED 

I li 

m 3 s  = 

I 12 

I 26 

,* 

126 



NASA-GSFC MISSICN ANO TRAJECTmY ANALYSIS DIVI 

K VALUE = 01400 

PAGE 36 

P 
e 
L 

01 503 

BEGlN fF1, LnlD3 e 

I 3 

I 

00L161 = 

I 9 

0 

I 19 

I 23 
I 

8 CiEiCil 
2 - SUERYJTINE 
C i  INPUT 95979 
1 RESULT 9Vi.35 

I I 24 

1 38 

1 42 

L i E W  1 

INPUT 9Li!i79 
RESULT 9Ci085 

L i E W  1 

INPUT 9Li!i79 
RESULT 9Ci085 

0 

127 



P A G E  38 CONTINUED 

Q 10 

@ 43 

INPUT m62 
RESULT M063 I 44 I 11 

I 45 

I 28 

I 46 I 1 3  

I 47 

1 WrJ62 = 1 !Jt-l566.#xx166 

I 4a I 313 

1 153362 = I LXT362;#Mc766 

I 31 

I 32 

LiLiLi 5 5HiL7Li 5 5 

12 8 



NASA-GSFC MISSION A N )  TRAJECTORY ANALYSIS blVI 

K VALUE = 014N 

d 
I I 

ma = 
-64-62 

I 
1- m 3 7  = 

I 4 

I 5 

I 7 

I W R W T I N E  
INPUT 9(7L77r3 

RESULT 9JOR5 

!il5!34 L1-/ 
17 

I BEGIN CW1!34 8 
7 - -  1 1  

- - 1 -  T, 

I 19 

I 33 

129 



Q 19 

I 14 

01505 $7 
1 1  23 

c - - -  
a BEGIN 5!31DS t - - 1 -  1: 

I 25 

130 



NASA-GSFC M I f S I W  AND TRkJECTCRY ANALYSIS D I V I  

K VALUE = 9 1 4 W  

172L731 

INPUT 911085 
fiESULT !iLi!i73 

0 

1' 17 

I 18 

I ?9 

I 23 

!i?i!i5 5 = 

PAGE 38 

~ 32 

I 33 

0 
13 1 



0 ? 25 

I 10 

I 26 

9 c y J 7 1 ~ 7 1  

I 16 

.L 

! 27 

m 5 9  = 
LW-157- 58 w 

1 28 

132 



NASA-GSrC MISSION A H )  TRAJECTORY A N A L Y S I S  01'41 

U VALUE = 014!3!3 

8 
2 . 
Cl 
I 

PAC€ 39 

~1ZLlLil 

SUBROUTINE 
INPUT 9LiL79H 

RESULT 9%3@5 

7 - -  p, 

I '  1 

0 

7' 18 

I 23 

1 34 

i 35 

1 36 

SUBROUTINE INPUT ClL3-173 

RESULT 9W99 

3H 

h 01405 

133 



PAGE 39 CONTINUED 

I 19 

I 

9 1721 96 
4 I 

I 29 

134 



t 
e 
L 

NASA-GSFC nissiw AND TRAJECTWY ANALYSIS OIVI 

U V A L E  = 0 1 4 ~ ~  

D l  509 

BEGIN ~~ l?cl09 e 

- 1 -  - 

d 

! 21 

I 23 

SUORCNT I NE 
INPUT 9!i?i93 

RFSULT 9ti!iH5 

PAW 40 

91519 fJ 1 ,  P? 
- - I -  - t - -  
e BEGIN WJllO s 

I 28 

I 30 

LQ3357 = 
9!!372.#7Ln56 

I I 31 

I 33 

I 9 
SUERQUTI NE 
INPUT ‘.iLi05Li 

I 

135 



P A G E  A8 CONTIMUEO 

I 10 

I 

8 02D31 
2 1 

I 12 

0 24 

1 25 

13 6 



NASA-GSFC MISSION A N )  TRAJECMRY ANALYSIS OIVI 

K VALUE = 014!30 

PAGE 41 

01519 t/ 7' 20 11 

s BEGIN %7119 N 
- - 1 -  - 

s BEGIN C l D l l i  B - - 1 -  - 
1 29 

I m 

I 31 

Ln-155 = 
9M71 m a 1 5 5  I 

1 
I I 34 

32 

X U 5 5  = 
!3!YJ51-!!1L%55 

33 

c13-155 = 
W-i7rtiW!3.i 5 5 

i 6 

I 7 

I 16 

1 35 I 17 

I 172!176 

137 



0 L 

m 5 5  = 
9 1  -55 

19 

m 5 5  = 
MCi514Kl55 

2!3 

9 m 5 5  = 
'.wJ55@m55 

I 

I 23 

I 24 

I 25 

0 
1 38 

I 44 

/' 

138 



NASA-GSFC MISSION AND TRAJECTCRY ANALYSIS D I V I  

K VALUE = 01400 

SLaRCKlTINE 

c - -  f, 
0 E G I N ! J O 1 2 0  e - - 1 -  T, 

I 14 

I 15 

PAGE 42 

01 521 

8 c - -  E G I N  f, DO121 

- - 1 -  s 
L'76 

RESULT 90098 

313 

9 

I 33 

139 



L/ 8 

INPUT m m  
RESUT 93085 

IFPUT m 5 5  
RESUT w399 

0 20 

I f I o k *  1 

1 1 8 I 52376 
9 

6' 

140 



NAM-CSCC MISSION AND TRAJECTORY ANALYSIS DIVI 

K VALUE = 014"J 

01 523 +J 
I ESEGIN m123 -e - - 1 -  

I I? 

I 19 

FhGE 43 

01 S24 LT-/ 

I 33 

I4 
I 02376 

'30030-90083 

141 



0 9  

I 12 

I 

H I  

I 14 

RESULT YJCl9H 

01402 I =  
I 27 

I 39 

C W A R E  W 3 2  
TO WVJ7 

I 41 

1 42 

I 43 

I4 

142 



NASA-GSFC MISSION A H )  ?FAJECTQ?Y ANALYSIS DIVI 
ti VALUE = 01400 

PACE 44 

01 527 t/ 
1 1  31 

BEGIN ‘J’Jli?? B 
7 - -  - - 1 -  - 

16 

6 BEGIN L y J i 2 6  4 - - 1 -  - I 17 I 32 

I 18 I 53 

I 34 

02076 

I W U T  fCklLl5ill 
RESULT 9Cltl98 

I 23 

I 6 

I 22 I 3 7  

I 8 I 38 
~ 

00032 = 
W030-90083 

143 



PAGE 44 CbHTlNUED 

1 01402 

I 11 

I 
I 14 

7- 

T 24 

I 29 

0 
T- 

I 41 

I 44 

@j5 

144 



NASA-GSFC HISSIaJ A H )  TRAJEC-Y ANALYSIS OIVf 

K V A L E  ?714130 

PAGE 4 5  

c - -  ~~ 

8 l3ECINLni29 a - - 1 -  - 
01 528  

c - -  # BEGIN f, WJ128 0 - - 1 -  - I 17 

I 18 I 33 

I 34 

I 7 I 22 

6 0 

145 



PAGE 4s CONTI~U ED 

1WUT W 3 2  
RESUT W 3 2  

,&5 

0 

I 29 

6 3li 

INPUT ODD32 
RESUT 00032 

146 



NASA-G*C H!fSICFS A H )  TRAJECTCRY A N A L Y S I S  D I V I  

K VAL- = 01400 

- 
I BEGIN LW131 I - - 1 -  - 

I 3 

I 5 

b 

01532 

I 
16 

I BEGIN CY3132 a 
c - -  1 1  - - 1 -  - 

I 19 

I 23 

I 
LlL7032 = 

'3003'3-90083 

PAGE 46 

D BEGIN 00133 I - - 1 -  - 

I 34 

I 36 

I 38 

0 

147 



INPUT 00032 

I 11 

I 12 

I 13 

9 24 

I 21 

I 28 

1 9  

I 'ab 

I 01402 

0 0 0 3 1 ~ 3 1  

I 43 

148 



1 
N 02076 
9 

SlJBROUTIK li INPUTrnM 
1 RESAT90099  

N 
9 

li 
1 

02076 

SlJBROUTIK 
INPUTrnM 

RESAT90099  

C A M  47 

01555 f7 01338 T 
16 

# BEGIN 00135 -8 
7 - - -  I - - 1 -  

31 

- - 1 -  
I 2 

I 
oooD6= 

+l?OUKW+M 

I 33 I 3 

I 34 I 19 

I 35 I 5 I 2-1 

I. 21 

I 22 

1 38 
00032 = 

149 



PAGE 47 CQN3lNUEp 

0 
I 9 

I 

Mo31 = 
90072MJLY331 

I 14 

8 Om76 
9 

6 INPUT Llcn31 
1 RESUT91L798 

s l B R a ) T I K  

I 26 

I 27 

I 28 

0" 

150 



M ~ ~ - G S F C  nzssicu AND TRAJECTUW ANALYSIS DIVI 

K VALUE = 'J14rM 

PAGE 

01537 t/ 

I 5 

I 6 

c - -  $, 
# BEGINOOl33 8 

I F-1 

I 21 

I 23 

0 

r BEGIN 00139 8 - - 1 -  - 
I 32 

0 

151 



PAGE 40 CONTlYUED 

,* 
I 

'314172 I 26 

1 44 

02'376 

INPUT 'JcKI31 
RESULT Xi098 

152 



HAM-GSFC M I S S I O N  AN) TRAJECTaRY ANALYSIS D I V I  

K V A L E  = !314Ln 

PAGE 49 

00032 = 

91541 

7 - -  f, 

I 21 

I 24 

01 542 

7 - -  BEGIN f, m142 0 

I 39 

' .  . 0. 0 

153 



PAGE m C o t i r i t w E D  

,* 

I 014Ln 

I 13 

I 16 

,* 

I 32 

0' 
154 

SUBRUUTIM 
INPUT 0L7032 

RESULT 00032 

I 53 

0' 



NASA-CSFC MLSSIW A M  TRAJECTMY ANALYSIS D F V I  

I( V A L E  = 014TrIi 

PAGE SO 

01 543 Lrl '31544 Lrl 01545 

I c -  BEGIN 7 2  LW145 I 

- - 1 -  T. 
1 

I BEGIN !XI143 I 
c - -  1 1  

021x7 i 

- - -  1 :  
- - 1 -  T, 
I BEGIN !XI144 I 

I 3  

I 4 

I 24 

I 25 

0 

155 



PAGE so ConTitwEri 

I I 1  

@' 

T 26 

I 29 

XI032 = 
L70031#KK31 

I 3G 

I 31 

I 33 

SUl3FXXITINE 
I NFUT O!i!Z 1 

RESULT 9LiLi98 

0" 

I 47 

I 48 

L12'376 

INPUT '30'331 
RESULT 9Ll098 

156 



NASA-GSFC UIS2IQJ AN) TRA.lEClU?Y ANALYSIS D I V l  

K VALE- = 01- 

01546 

c - -  I BEGIN f, 00146 1 - - 1 -  - - I - -  - I 2 t 19 

I 20 

I 58 I 21 

I 39 & 02076 

I I 6 I 40 

I 41 I 7 

I 8 I 25 

00032 = 

6 b 8 
157 



PAGE ss C o N r t t w ~ ~  

1 9 
0 

I 26 

I 12 

* I  16 ~1 RESULT wO98 

SUBRiWTINt: 
INPUT OC1032 

R E S U T  00032 

I 1114!12 

I 28 

i Xi 

I 31 

I 

I 
I 33 

INPUT OrJ031 
R E S U T  9Xl98 

I 46 

I A7 

I 50 

02076 

INPUT 00031 
RESULT 90098 

158 



MSA-GWC MISSION A 1 9  TRAJECTmY ANALYSIS DIVI 

u VAL= = O l r m  

a 
9 

0 
1 

. 

PAGE 52 

Om016 

su3RuJlINE 
IHlVTWD50 

REEsUT#X)99 

01551 Q 01549 L-rl 
1 

# BEGIN 00149 8 
7 - 1 -  - 
- - 1 -  7 1 36 

I 

mow= 
+90000000+01 

I 1 I I + i 1 m + 0 2  
oooO6 = 

I 3 
I 

e l  0i*rol 

I 21 I 4 I 38 

I s  I 22 1 39 

I 23 

I I I 41 

1 a 

L-2z-l 00030-90083 

6 

159 



~ PAGE .. 52 CONTfNUED 

R 92ml 
2 . SUeRCUTINE 
Ll INPUT 9CiLiHl 
1 RESULT 917LiR5 

H 
9 . 
L i  
1 

Li2Li7F 

SUERlXlTlNE 
INFUT ‘iLiti31 

RESULT 3!ili9Y 

0. I 

I 26 I 9 I 43 

INPUT 9 w 3 2  
R E S U T  Om32 

INPUT m 3 2  
RESULT 10032 

I 29 I 46 

I Y. 

I 48 

I 15 I 32 1 49 

SLsROUTINE 
INPUT 9L70Hl 

RESULT 93085 

I 33 I 50 

0‘; 
160 



'TEA JECTORY 

a 
9 . 
0 
1 

ANALYSIS D I V I  

Om76 

SWFiCXITINE 
INPUT OCX5L1 

R E S U T  %I098 

PAGE 53 NASA-GSC HISSIW A N )  

K VALUE = 01400 

'3552 

7 - -  I BEGIN 74 cH3152 I 

01554 4/ 01553 fJ 

I 37 1 20 

I 38 

' I  22 I 5 I 39 

I 23 I 6 

I 8 I 42 

161 



Q I 9 

I I1  

I 13 

0 

I 29 

I XI 

1 31 

I 32 

CWL132 = 
LHXi3 1 #XHi 3 I 

'$6 

I 47 

I 48 

I 5'3 

02076 

RESUT 93098 

162 



NLc,A-GS'C HISSI-EI ANC TRAJECT'XY ANALYSIS OIVI 

r( VALUE = !iI4Ii!; 
PAGE 5 0  

I BEGIN W155 : 
4 - - 1 -  

+15-+02 

I 4 

01556 

7 - -  I BEGIN f, rj11156 I 

I 23 

I 

I 
I 

I 24 

01 557 f 

I:'l J 
RESULT 90085 

OF-176 

INPUT LXiLi5L1 
RESULT 9-72198 

00030-90083 

- 6  6 

163 



PAGE 54 CONTINUED 

I 26 
I 

H I  02Li76 I 

0 

-I 28 

I 29 

Cm32W-331 

I 30 

I 33 

RESUT OM332 

I 45 

00032 = 
!30031#irJo31 I 

I 
46 

00031 = 
uu(J32XllY331 

47 

COO32 = 
9C3372@CKl72 

I 

164 



NASA-GSFC MISSION AH) TRAJECTORY ANALYSIS D I V I  

a VAL* = 01400 

01558 f 
1 

8 eECINWlM 8 
c - 1 -  - 
- - 1 -  7 

021376 

IN'UT OoL79-7 

I 5 

01559 

c - -  B BEGIN f, '313159 a 

I 21 

I 24 

PAW . 5 5  

C M m  74 

01494 

8 c - -  BEGIN f '301794 

- - 1 -  

BAR/ X 74 
L -  I -  --1 

I 39 

W I C H  MIRE 1 ' C W U E D  B Y  M Q I  I 

- 1 -  

0 0 

165 



1 32 

I 33 

S U C W T I N E  
INFUT Li111i31 

RESUlXT 9-3093 

0'" 
166 



NASA-tsrc WISSICU AND TRAJECTCRY ANALYSIS OIVI 

K VALUE = '314'30 

U N C w  75 

a =GIN C7c)C95 a - - 1 -  - 
2 

' R 5AR/ X 75  

r I  4 
7 - 1 -  FW PARTIAL R D>T I 

BAR/ X 7 5  

PAW S 6  

167 



NASA-CYC WISSICN AN0 TRAJECTORY ANALYSIS O I V I  

WXELLANEWS STArrWRSTS 

K VALUE = 014m 

iBClD39'3!l252 Js N3. OF W K W 3 N  

-802751 ABSOLUTE VALUE FCHCTICN 

~ 9 ! 3 1 1 3 0  FIRST LOC. CS T(P*Q).S. Tl)rES OF ORA 

QsLn7c1c11101 A, sEHI-UAJCR AXIS AT TtO) 

WJCI71'311% ECCENTRICITY AT T(0) 

GsocI72!31119 NI HEAN WOTION AT TCO) 

WJCI730112!3 ECCENTRIC ANJHALY AT T(O) 

i)9L)IJ74KJ240 ECCENTRIC ANJHALY AT T 

WJCI75ocnn ALPHA BAR 

G9Ln7600225 BETA BAR 

o s r ~ 7 7 ~ w m a  GAMMA BAR 

QsLn78Cn231 P BAR 

Q9ocl79'3!l234 Q BAR 

l39m8rJLm37 R BAR (-UTEO BY PDS. I N  ELLIPSE) 

Q9Lll81 L m 4 1  R W T  BAR (OTPUTEO BY -.IN N I P S  

Q9Ln8rnrn TI OBSERVATION T I M  IN C.U.T. 

CHi"18301113!3 T('J), EPOCH TIME IN C.U.T. 

Q9ocl~rn210 M A G S F  R BAR (03MPuTm BY -.IN E.) 
Q9LnB5Drn85 Vi) 

Q9Ln%OiiL7(71 VECTOR W E  

Q9Ln(3702!376 SCALAR MULTIPLY 

cIwJcId802Ll41 VECTOR SUBTRACT 

Q9Ln89O2031 VECTOR AM) 

Q9Ln9C102r361 cR13SS PRaWCT 

W 0 9 1 0 2 2 7 1  PRINCIPAL V A L E  

a9m9202196 SWARE R03T 

Q9OLi9302101 SINE 

W)Or394O2105 COSINE 

(79009503852 Mu 

Q90096002Lll S (T) 

a9009700202 C (T) 

(79009800380 PARTIAL R BAR / X J 

(79009900383 PARTIAL R W T  BAR / X J 

v ~ ~ 7 ~ ) 9 ~ + ~ 4 0 0 n o r 3 0 + ~ 2  

V00050+0000000D+00 

CAGE 5 A 

168 



CROSS-REFERENCE L I S m N G  PAGE S A  cotmnmv 
P A G E  BOX 

34 .01 

34 .'JR 

34.10 

35.01 

36.01 

37.17 

37.23 

37.29 

30 .01 

39.01 

a .01 

4L.I .27 

41 .01 

41 .ll 

42.12 

42.27 

43.L)l 

43.16 

43.31 

44 .01 

44.16 

44.31 

45 .01 

45.16 

45.31 

46 .01 

46.16 

46.31 

47 -01 

47.16 

47.31 

48 .01 

48.16 

48.31 

49.01 

49.18 

49.35 

LABEL R E F E R E N C E  

01a1 13.07* =.lo* 38.- 39.W 39.1% 39.2% 

4rJ.ci4* 4rJ.16* 6?.05* 

01479 34.05 

01 mi 
01 m2 
01503 

01 504 

01505 

01 506 

Ll15rJ7 

cli mn 
01 5'39 

c11510 

L11511 

L71519 

0152rJ 

01 521 

01522 

01523 

01 524 

01525 

01526 

01 527 

01528 

01 529 

01 53rJ 

01532 

01532 

01533 

01534 

01535 

01536 

01 537 

01530 

01539 

0 1 5 M  

01541 

01542 

169 



G ~ A - ~ S F C  nxssxm w TRAJECTORY ANALYSIS DIVI 

PACE BOX 

50.01 

50.18 

50.35 

51 .01 

5 1  . la 
51.35 

52.01 

52.18 

52.35 

53.01 

53.18 

53.35 

54.01 

54.18 

54.35 

55 .01 

5s.  19 

55.3s 

56 .a 

CRosSdEmZENcE LISflNG 

LABn RmRENQS 

01 543 

01544 

01545 

01 546 

01 541 

01548 

01 549 

01 550 

01551 

91552 

01553 

01554 

01555 

01 556 

01557 

oi 558 

01 559 

01494 

01491 

PAGE SA CONTINU ED I 
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NASA-GSFC W1SSIoN A H )  TRAJECTWY ANALYSIS OfVI 

U VAL& = 01- 

I 2 

0 

01669 26 

I BEGIN "J69 I - - 1 -  - 

0 016fO 

I 16 

17 

I IS C8S. = THETA I I 
7 - 1 -  1 

- - 1 -  - 
Cf3S. = THETA 2 

I BEGIN '3OL768 I 19 - - 1 -  

23 - 
a 
4 

1 - 1 ,  
a YES. USE G3 BAR I 24 

I USE G2 BAR I 
- , - -a  - - -  I, 

e3 

H c)2ClCtI 
2 . SUOF?OJTINE 
c) INPUT 9cM73 
I RESULTO!X?35 SUOROVTf NE 

INPUT 9[1072 
RESULT LlOC135 

21 
1 

I A N )  G l  BAR 8 
d - - 1 -  0. 61 .!J7 0 

0 1629 

171 



I 

8 mi 1 
3 I 

I 12 

01628 

172 



NASA-GSFC WISSION AND TRAJECTORY ANALYSIS 01'41 

I( VAL= = 01- 

01611 Q 
7 - -  I - :  - - 1 -  : 0 BEGIN moll 8 

01114 

0 7 - -  BEGIN f, !l'Xl14 B - - 1 -  - 
I 10 

01612 t/ 

02m1 

JNPUT 90071 
RESULT 00035 

M.20 

01627 

01615 

8 c - -  BEGIN f, 0LiL115 8 

- - 1 -  T, 

91629 

PAGE 50 

01617 t/ 

01629 

7 - -  I :  
a BEGIN Ixw318 a 

I 21 

F-r-f 'J2!141 

-I 

173 



01613 

7 - -  # BEGIN f, (xx313 2 

- 1 -  8 

01627 

7 - -  I :  
@ BEGIN cIcnl6 @ - - I - -  - 

174 



NASA-GYC MISSICN A H )  TRAJECTCRY ANALYSIS D f V I  

K V A L E  = 016r30 

0 BEGIN 00019 1 - - 1 -  

6 

99799= 
Lxx155+WO56 

M-RATE 

c - -  f, 
I BEGIN Cm21 8 - - 1 -  - 

01630 

PAGE 59 

19 

c # BEClN - 1 -  043323 1 8 - - 1 -  - 

I 22 

CI1632 

175 



PAGE 59 CONnWUEO 

AZ-UAE K .A  .-RATE 

L-UATE 

0 1622 t/ 

1 17 

0 64 .Ol 

01660 

01624 

7 - - 7  a BEGIN f 00024 *= e - - 1 -  - 
I 2s 

SUBROUTINE 

SLsROUTINE 
IFPUT 9M383 

RESUT wo44 

a16m 

176 



DEC. RATE 

5 8 . 0 8 4  10 

I 12 

1 13 

I 14 

1 15  

PAGE 

I 23 
r .  

1 25 

02076 

INPUT OD049 
RESULT 00032 

177 



PAGE m COYTJNUCD ~ 

i 

4 

I BEGIN wO26 8 
-.) 

7 - -  I, - - 1 -  

I 7 

RESUT 9c7085 

I 17 

I 16 

1 

l e i  

1 PB 

ow51 m 9 4  

I Y J  

1 

INPUT ocM41 
REsUT m 5 4  

1 34 

178 



NASA-CSTC MISSION A N ,  TRAJECtORY W L Y S I S  DIVl 
K V & s  = O f . d o 0  

I+ 00055 = 

I 1U 

SUBROVTINE 

RESUT 90085 

0 

PAW SI 

59.10 

c 
@ BEGIN 00030 @ - - 1 -  - I 23 

SIJDRafTINE 
INPUT 91x791 

RESUT ooc149 

INPUT 9-1091 
RESUT 9171385 

I 27 

INPUT 00053 
RESULT 90085 I SUBRaJTIM 

INPUT 00053 
RESULT 90085 

I 28 

179 



IX1056 = 
IX1051/W!394 

02076 

I 16 

m 5 5  = 
m 4 7 m 4 7  I 

1 19 

021% 

INPUT m 5 6  
RESULT cpJc)57 

1 31 

INPUT 9013% 
RESULT ‘XI057 

I 35 
I 

8 02001 
2 I 

INPUT ’3J057 
RESULT 90085 

180 



NASA-CSC MISSIQN AHD TRAJECTORY ANALYSIS DlVI 

R V u  9 old00 

,--+Ti 00049100061 

I .  4 

,+ olxi55 = 

I 17 

I 19 

PARTIAL OC PHI W T  

01631 

59.22 c - - -  BEGIN 7: 00031 8 

I 

181 



0 
‘* 

Q 22 

I 9 

1 10 

I 12 ~1 RESULT 90085 

I 13 

I 14 

182 



M U - G S C  WISSION Am TRAJECTORY ANALYSIS D I V I  

K V A L E  = 01- 

I 4  I 

8 02051 
7 I 

Fl INPUT m 5 5  

RESULT 9I1385 

I 1 9  

217 

I PARTIAL CF G K I 
c - 1 -  - 

PAW (u 

I 31 

I 34 

183 



I 

8 MOT6 
9 

I 11 

I 13 

I 14 

SLaRUUTIK 
INPUT 431363 

I M 
o w 5 9  = 

00047*00048 

I 
o w 5 9  = 

wos9*00045 ~' m 5 9  = 

M o 5 9 / w o 5 7  

I 41 

1 OOOSH = 
MKl56/WO56 

I 
1 42 

184 



NASA-GSFC MISSXU4 AFO TRAJECMRY ANALYSIS D I V I  

K V A L E  = 01- 

PARTIAL ff THETA CQT 

4-i L12r376 

SlBRCUJTIK 
INPUT J(M91 

0 

7' 16 

I 19 

I 21 

SUBRCWT I NE 
I W U T  ! W 5  

RESULT 001362 

I 22 

PAW 64 

INPUT LyJo57 
RESUT 90063 

INPUT M n 6 5  
RESUT 9rJo85 

35 

a PARTIAL OF G(K) 1 8 

INPUT w 0 3 5  

8 PARTIAL OF G ( L  
--, 

b 
185 



PAGE (14 CONTfMUED 

SLBROVTIK 
INPUT cwXi56 

RESUT '33365 

INPUT m9a 
RESUT 90085 

INPUT 90065 

I id 

I I 90094.49ml94 
!ID061 = 

IWUT 9rJ3% 
R E S T  '33332 

25 

I 26 

I 29 

INPUT 9!QJ63 
RESULT 9LK7H5 

DM52 

INPUT CXX135 
RESULT LQWl59 

1 43 
8 02!!151 
7 1 

RESULT 00061 

PARTIAL CF C DOT 

001157 = 
'30'357+00059 

186 



N A S A - G S C  MISSION AND TRAJECTORY ANALYSIS D I V I  

K VALUE = 01600 

4 

8 om51 
7 

PAGE 65 

19 

187 



I 9. 

I 10 

INPUT m041 
’ 1 a S U T R a 6 1  

I 13 

00061$iltYJ55 + 

I n 

I ‘ 2 9  

I 
m= 

o00471oc1G4T 

I 

I 32 

PARTIAL Q N T A  

QOW?/WO63 

iaa 



PARTIAL OF o(0 OOl W ) W X J  

IMOBAR 

RWDDI BAR 

R B A R s S A 1 . W . e -  C n # l c  l'E3 

R DOT BAR,SAT.W.ECTCR(FR3M PE) 

CIP R B&R*STAfMN POSITION CCTGR 

CAP R DOT BAR,STATIa VELOCITY E C F D  

OBSERVATION 1% 

G 1 BAR 

G 2 B A R  

G 3 B A R  

G 4 BAR 

G 5 BAR 

G 6 B A R  

-G 7 BAR 

G 1 doT BAR 

G 2 DOT BAR 

G 3 DOT BAR 

G b O O T B A R  

C 5 DOT BAR 

G 6 007 BAR 

G T DOT BAR 

VQ 

VECTOR CWJVE 

DOT PROWCT 

SCALAR-VEcm EIULTIPLY 

YESTOR SUBTRACT 

wm BAR)* 
PARTIAL OF R BAR / XJ 

(R)(D DOT BAR)* 

PARTIAL # R DOT BAR / X J  

RHO 
!4aMn! mol 
I1K) 001 

VECluR D I ( L 0 M n  

W C l a  MAGNITWE 

PARTIAL OF OBS. 1 XJ 

189 



PAGE BOX 

57 .M 

57.23 

I? .ee 
5% .M 

S.05  

5%.0? 

5% .D9 

58.12 

58.14 

58.17 

58.19 

59.01 

59.08 

59.11 

59.14 

59.19 

59-25 

60 .01 

60.04 

60.10 

60.B 

61 .O? 

61.22 

62.25 

64 .a1 

CRO?S-RECERLWCE LISTING 

LABEL REFERENCES 

M601 13 .M)* 

M666 5?.1B 

01663 51 . i ~  

0161 1 

01612 

01613 

01614 

01615 

01616 

01617 

01618 

01619 

016p 

01621 

M622 

01623 

01624 

01625 

01626 

01627 58.06 

01628 57.22 

01629 57.25 

01650 59.10 

01631 59.22 

01660 59.18 

58.08 

58.11 

58.13 

59.13 

60 .a3 
59.27 

58.16 5B.22 

58.18 

60.09 

190 



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS D I V I  

(i VALUE = 0lmO 

23 

SUBRWTINE 
INPUT 00000 14 I RESULT 00!100 

1- I 28 

0 

PACE. 66 

37 

I A 0  

I '30086 = I 0L)'Jll-W086 

I 44 
I .  

191 



I 17 

-76 = UW70 

I 18 

30 r - 1 -  SIN I 7 

34 

@ SIN DELTA @ 
7 - 1 -  1 

- - 1 -  T, 

I 47 

-loaxMoo*ol 

60 .OB 

@ =GIN 00076 a 
L- - 1 -  - 

1 92 



NASA-GYC wlssun l u ~  TRAJECTURY ANALISIS DIVI 

K VAL& = glm 

- - 1 -  : I 

01401 

I 6 

I 7 
I r 0  I o m 1  i 

. .-... . 

BEGIN CW577 
L -_- 

I"'" I 

19 
1 

D 
d 

W A K E  00106 

01729 

?A,= 67 

@ 
01778 

193 



11 

PAGE 67 C O W T I W U L D  

94 



01711 f7 

I - 
01 776 

($7 

t BEGIN mO12 - - 1 -  - I 14 

I is 
ooo86 = 

0 0 0 6 5 ~ t  

I 

I M 

195 



I 9 
oood5 = 

90001100007 

I 

196 



I 2 

I 
a m 5  = 

00080100007 

1 3 

I 
- =  

000136-00083 

01714 G7 

- - 1 -  

I 11 

0 

PAGE 

OlTlS LT-/ 

I 21 

i97 



+ O a T A  RII 

198 



m rt19 

4 

t i l  778  

I H 

9 

!1 I 

15 

I 10 

I 13 

68.05 0 
‘i? 778 

199 



I ?!4 

200 



i 4 

201 



I 17 

9 
0 

7 

+DELTA A(X7) 

m 6 5  = 
90!365+0LM88 

1 
02105 

S U B W I E E  
INPUT W 1 8  

RESULT LHW89 

I 32 

,~ Won -!!..le5 

4 

202 



W 1 1 9 8 F C  MISSZON AND TRAJECTU?Y ANALYSIS DIVI 
K VALUE f 017CKl 

90rJ66+rn87 

?A= R ,+ m e 7  5 

, I 37 

203 



Q # 

' I  10 

I 14 

I 26 

I 33 

I 35 

204 



I 6 

I 

I 

22 

Ea085 = 
a3085aXKl7 

I 23 

+DELTA SMAll 

917066+0(3(385 

I 24 

205 



CAGE 73 COMTINUE~ 

12 

I 15 

I 16 

1 28 

r n 8 5  = 4- f  r n 8 5 r n 7  

206 



u v u  = 01m 

mmooiim 
~ I M I M  

-I&? 

agaImn1Q3 

~ 0 1 1 0 4  

~ w 2 0 0  

Qgamwms2 
(119ooo101101 

a9000600580 

Q9mowo383 

89u)1001110 

890011011 I1 

c;fi)(MlMll12 

Qsoo1301113 

G9001401114 

Q9W1101115 

09001601116 

asoO1701.117 

a9001801118 

Q9im1901119 

Q90022011M 

Q90023W252 

490024400524 

WOO2500525 

49004400645 

49MM5005m 

~ 0 0 6 6 0 0 4 0 1  

0900(1700402 

T (0) 

A 

SWKLL 

HI (0) 

RBAR 
T (Nf 

MJ 

V BAR 

PARTIAL R BAR ( X t J ) )  

PARTIAL V BAR (XCJ)) 

R (0) 

v (0) 

OELTA 

M(0) 

PHI (0) 

SMALL QEGA (0)  

I 

CAP O M G A  

f K T A  (0) 

N 

CAP E(O) 

JsUJKNCWN N3. 

LOC.PRECEOIMi DELTA fiC2,Q) OR OELTA 

OELTA N(210) OR DELTA R W  SUB I 

DELTA N(319) 

DELTA A 

DELTA SMALL E 

DELTA NU(O) 

207 



(filoo9Do1401 

49009102101 

WOO9202105 

a90093(32196 

Q90094004W 

a90095U3441 

g9oo96OwlS 

( # 0 0 9 7 ~  

-501 

ow¶owoo99 

V00070-+00 

vooo71 +¶wOMx10+01 

Mool2+zLx7wm+01 

VoW73+3OOOOOO0+01 

v00074 +19owooo+o2 

VoW~5+39wocK)0+02 

V00079+74wOW0+02 

V00033+73000+02 

208 



CROSS REFERENCE LISTING 

PAGE BOX LABEL nwcncuces 

06.01 
w:os 

6.1s 
m.40 

6?.19 

e.el 
a . 0 5  

m.(Y 
66.11 

(Lb.13 

em 
e.05 
0.11 

IZ).M 

n3.m 
m.13 

71 33 

13.01 

I O l n n  

M ?Sl 

01276 

MI32 

M77 f 

Oil30 
o1rm 

M710 

Dit11 

miie 
M129 

Dit14 

MTlS 

M 113 

02m 

M l ib  

Mh? 
M7l8 

14.- 

67 .ZO 

209 



WIai To CclPuTE 
M U G  m E C T  

' C c n p u T E O R A G ~  ' EFFECTS AT T ~ 

- 1 -  

I 6 

2 10 



10 

211 



CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

K V U  0 MdlQ 

q4 .os MOM ir0- 

2 12 



i n . w - ~ j  1 

I 2 

I 11 

-1 6 
01878 

01864 12 

~022+0001r 

T 
W 

2 13 



17 
36 

8 

21 



NASA-GSFC WISSICU A H )  TRAJECTORY ANALYSIS D I V l  

a VAL= = 0105!3 
PAGE 76 

215 



CROSS REFERENCE LISTING 

PAGE BOX LABEL 

K V U  = MSXJ 

' h.M 01851 

r5.m 0 1 ~  

15.12 015a* 

n.19 M e 7 5  

t5.37 01816 

- r6.01 M e 7 7  

. m.09 01en 

K VALUE = 01050 

vooo10+00LXr0000+r30 

voooll+l00W000+01 

vooo12+1ooooooo~ 

VoorJ13+43429448+00 

V00014+31622787+01 

V00015+M406910+01 

VWO16+66284315+01 

vo0O11+00196410+01 

vLMo10+75467547+01 

V00019+42440739+01 

VcKN320+56549020+01 

~30+1000LXX)0+30 

VW031+85wooO0+02 

REF E REN CES 

11e.m~ ire.zt* 
75 .oI 
75.08 75.10 

75.14 15.18 

m.03 
76 .M 

75.01 I5.11 76.07 

216 
I 



NASA-GSTC wIssIaw AND TRAJECTORY ANALYSIS OIVI 

u V A L E  = Oloou 

- -1- 
1 

7 
e 
d 

2 

OATA IS CN BCD 
TAPE. EXIT WIM 

oO019 = (o13001+ 

SATELLITE Z O P I T .  t 
LCYIDO. 

- 1 -  

15 
1 

s 
d 

READ TAPE A 

217 



PAGE ~ ~ C O N T I N U E D '  

10 

2 18 



CROSS REFERENCE LISTING 

P A G E  BOX L A B E L  REFERENCES 

K v u  = 0190 

t? .M Olgo l  18 .O?* 

TI .oci 01928 h.lf 
T7.15 rnw k.04 

1( VALUE = 01900 

~ 2 O l Q T l  

POO023019W 

V o o O 2 I I * 1 ~ 1  

v!3W26*1- 

H-M-S TO RAD) FUNCTION 

031-9 TO RAD. FUNCTION 

(USES LOCATIONS 1 TO 34) 

ENTER WITH (Z)=O 1F SAT. DATA IS 

CARDS OR ( 2 )  NOY EQUAL TO LER, IF 

2 19 



NASA-GSFC MISSION AND TRAJECMRI ANALYSIS OIVl  

K V A L E  = 01940 

mm BCD TAPE. 

1H)IcATES 

~ m i 0  = (oRlol+ 

mm BCD TAPE. 

1H)IcATES 

~ m i 0  = (oRlol+ 

I 3 

I 4  

I 16 

220 



i 9 

I 10 

22 1 



LOUT Q SAT. I E N T .  PACKAGE 

LOUT OF SAT DATA IlEM 

LOUT Q SAT. IDo1T.u) +4 

LOCATIONS 1 TO 24), 

EhER W I T H  IF I f f U T  DATA IS 

CAWS OR M T  EWK 0 IF X M  IS 

T-1 (Z+l) e 032) ,AH) (Z+J) TO 

OUTPUI OPTION 030ES KJR CARDSsPRI 

CROSS REFERENCE LISTING 

P A G E  BOX L A B E L  REFERENCES 

K VALUE = 01940 

T0 .Ol 01941 1.1541 

222 



WSA-C!XC MISSION A H )  TRAJECTCRY ANALYSIS OIVI 

K VALUE = L11955 

1 

USE TYPE Ti3 GET 
CiXRES. N 

00089 = (93734 + 

223 



P A G L I  COWTlNULD 

CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

K VALlE  = WII?)S 

*or 

224 



NASA-GSFC MISSION ANI) TRAJECMRY ANALYSIS DIVI 
K V A L E  = 0197c) 

I 5 

I 6 

225 



CROSS REFERENCE LISTING 

PAGE BOX L AB EL REF EREN CES 

& v u  = OlSfO 

a8 .M 01971 77 .oo+ 

226 



LO/EQ 

,~ OM308 = ~owo2 + 

17 

227 

a BEGIN 00014 8 
L -  I -  - ie 

m 7  ’= 
w O 1 1 ~ 7  



228 



cmss REFERENCE LISTING 

PAGE BOX L A B E L  REFERENCES 

I( VALUL: 01985 

a1 .Ol 01986 ir.io9 

81.05 01989 81 . l O  

M .le Lllpof 81 .a4 

229 



230 



CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

43.134 43.17* 

44.1& 44.- 

45.- 45.33* 

46.334 46.43* 

47.43* 48.03* 

4 9 . m  49.1% 

50.1% 50.1% 

51.- 51.324: 

52.324: 52.374: 

53.374: 53.49* 

54.494: 55.0% 

56.03* 56.05* 

57.1W 57.20* 

50.10* 50.114I 

50.i?¶* 59.024: 

59.15* 59.164: 

59.2% 59.264~ 

60.07* 60.11* 

61.12* 61.2341 

Lz.D?* 

23.11+ 

24 .Os+ 

25 .- 
25.191, 

26.- 

261.- 

z 8 . a  

34.1w 

35.- 

3?.1& 

30 .07* 

39.10* 

40.- 

42.13* 

43.- 

44.33* 

45.4% 

51.03* 

48.13* 

49.1% 

50.32* 

51.374: 

52.494: 

54 .03* 

55.15* 

57.02* 

57.22* 

50.13* 

59.04* 

59.1?* 

59.21* 

Brj.14* 

61.- 

e3.17* t3.t4* 

24.08* 24.- 

2!3.1* ts.ll* 

=.ED* ts..el* 

a.oe* a.1w 
i??.oe* H.ll* 

ea.- 2a.m 
34.1- 34.252 

35.N* #.17* 

31.2m 31.- 

38.151* 38.10* 

39.21* 39.- 

40.31* 41.07* 

42.24* 42.28* 

4 3 . m  43.43* 

44.4% 45.03* 

46.03* 46.1% 

47.13* 47.1- 

40.10* 48.- 

49.w 49.w 

50.- 50.49* 

51.49* 5Z.9- 

53.0% 53.154: 

54.15* 54.m 

55.204: 55.32* 

51.054: 57.014: 

57.25* 58.024: 

50.1541 50.16* 

59.m* 59.10* 

59.10* 59.214I 

m.02* m..03* 

60.21* (w.24* 

61 .Si* 61 .33* 

t3.m 

t4.m 

tS.1- 

PI *tw 
-.io+ 
a. it* 
-.ti* 
34.- 

%..e* 
37 .LI+ 

38 .tQc 

39.3s* 

41 .la 

42.- 

44 .arc* 

45.15* 

46.1- 

47.z8* 

48.33* 

49 * 4% 

51 .03* 

52.15t  

53 .m* 
54.32* 

55.37* 

57.10+ 

58 .m* 
M.ie* 

59.12* 

39.i?2* 

so .os* 
0.2?* 

62.03* 

n.m* 
24.- 

tS.14. 

tS.L*+ 

=.ti* 

26 .P4* 

EB.e5* 

35 .m* 
s..es* 
37.- 

56.- 

40.11* 

41.14.8 

43 .om 
44.13* 

45.1- 

46.- 

4?.33* 

48.43* 

m.m* 
51 .15* 

52.m* 

53 .?E!* 

54.37* 

55.3% 

57.12* 

50.08* 

sa.=* 
59.13* 

59.24* 

so .Dbc 

e1 .M* 

e .O¶+ 

231 



ez.oLbc 

(Le.- 

m.1- 

64.1- 

e4.41* 

119.3% 

123.1eb 

124.ooC 

62.1- 

a!.% 
63.- 

64.18* 

6!$ .ae* 
119.?YBc 

123.1?* 

124.- 

-.1* 

(u .OS+ 

63.- 

64.- 

61 .OW 

119.- 

123.- 

124.3141 

*.ti* 

e3.m 

64.- 

(was* 
67.11* 

lQ.O& 

-.a+ 
1 a . m  

232 



NASA-GQC MISS1CN AND TRAJECmRI AWLISIS OIVI 

I U L l E  = m1(5 

I 9 

233 



CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

IC VKUlE = (ED10 

mal 0201 1 22.094 25.- 29.41* 2 9 . a ’  57- M- 
i i 9 . 1 ~  1u.e 125.m* 177.141 

K VALUE = OM10 
400025021% S a J ~  lam1 

234 



NASA-GSFC M1SSIChl AND TRAJECTORY ANALYSIS D I V I  

K VAL@ = 0~~ 

PAGE 84 

235 



PAGE 84 COWTfUUE4 

1 15 

236 



CROSS REFERENCE LlST iNG 

PAGE BOX L A B E L  REFERENCES 

K V K L E = 0 2 0 2 0  

a4 -01 02021 22.04* 23.- 24.15* 5?.04* 119.21* 119.2% 1lS.yN 

119.W 124.38* 124.3% 

64.12 !32029 04.07 

u VALUE = o2020 
GMMllo2c)l1 

vm10+MMoow0+w 

237 



M S - G S F C  WSSICH A N )  TRAJECTORY ANALYSIS DIVI 

K VALUE = O203!3 

M C K R  ADO 7 

28.32 

I BEGIN!l!M!31 @ - - 1 -  - 
I 3 

23 8 



?Ab): 8 A 

CROSS R E F E R E N C E  LISTING 

P A G E  BOX L A B E L  REFERENCES 

K VAL= = l%2CWJ 

05 .Ol 02031 28.w 5t9.01* 29.28* 35.27* 36.- 37.1% 38.- 

38.- 3 8 . 1 7 *  38.- 38.31* 38.34* 39.m* 39.23* 

39.3.~ 39.371e 40.- 40.2% 41.1- 42.- 67.10* 

6?.14* 123.233* 124.- 124.- 

239 



22.03 7 - -  @ BEGIN 7: lMLXi1 8 

- - 1 -  7 
I 3 

I 

m22-LYJIJC) 7 

I 8 

I 9 

240 



PAGE 86 CON TlNU ED 

CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

K VALUE = 02CUO 

es .a MMI P.0sO: 22.- 22.1348 24.1148 26.0548 26.W k9.m 
29.3748 34.1748 34.2748 35 .19~  57.0% 57.- 57.1348 

58.- 60.0848 60.W 60.1548 60.2848 61.1% 61.27* 

61.34* 62.1% 62.1- 62.18* 62.30* 62.5748 63.1348 

63,14* 63.1848 64.06* 64.1348 64.28* 64.- 64.33* 

' 124.1448 124.3548 

241 



ly)i4-&scC Ut'SSIW MO TRAKCTCRY ANALYSIS DIVI 

u VALUI  = 02050 

I 9 



PAGE BOX LABEL REFERENCES 

I It VAL@ 8 m m  
87 .Ol OPSl 22.m =.la 

26.w 26.1m 

2s.m n6.3i* 

s9.03* 49.0% 

(w.Sl* 

8Z.06* &?.20* 

63.2241 83.24* 

W.21* 64.36* 
6S.O4* 63.- 
11¶.?# 119.40* 

180.1- 181.33. 

ZSJ.18* 

26.15* 

27.1ti* 

60.12* 

61.09* 

62.22* 

63 .28* 

64.38* 
8S;07* 

119.4- 

24.21* 

26.20* 

27.12* 

(Io.18* 

61 .io* 

24 .zs+ 
26.m 

27.14* 

(w.e2* 

61.16* 

83.04* 

I63.31* 

64.40* 
6s. lo* 
120.04* 

ls .03+ 

m.esr 
SI .os* 
(w.L3* 

61.24* 

63 .OS* 

64.03* 

64.4e* 
65.11* 

120.18* 

243 



NkuU-6S.C W1991CM A M  TRAJECTORY ANALYSIS D I V I  

K VALUE = OM60 

CROSS PRanJC112 

28.18 

8 & G I N = l  1 - -1- 2 

I 0 

244 



,+ 00012 = 

I 14 

I 15 

I 16 

P A G E  88 CONTINUE0 

245 



IWSA-GScC MXSSICN A H )  TRAJECMRY ANALYSIS D I V I  

I VAL* = c)20?5 

2 2 . 1 1 4  1 

~"yi." m 5  = cyJcnl+ ~"yi." m 5  = cyJcnl+ 

0' 

246 



P A G E U  CONTINUE0 

247 



22.15* 28.- 

28.- 29.- 

54.24* 34.- 

M.1# 36.24* 

38.1% 38.- 

39.3% 39.w 

40.3% 41.- 

42.08* 42.1- 

42.m 

43.- 

44.1% 

45 .OS* 

45.- 

46.34* 

41 .ao* 
48.1# 

49 .O% 

49.- 

50.33* 

51 r21* 

52 .OS* 

52. M* 

53.58* 

54.- 

55.1- 

60.17* 

61 .32* 

82.35* 

64.11* 

67 .os* 
124.084 

42.- 

43.3% 

44.- 

45.141 

46.M* 

46.35* 

41 .a 
48.1% 

49 .M* 

49.- 

50.37* 

51.- 

52.16* 

53 .M* 

53.39* 

54.33* 

55.21* 

Bo.26* 

62.02* 

63 .M* 

64.171 

67.1- 

124.1- 

43.03* 

4 3 . m  

44.- 

45.1% 

46.051 

46.44* 

47.34* 

48.20* 

49.16* 

50 . O W  

5O.38* 

51.33* 

52.21* 

53.05* 

53.50* 

54.38* 

55.22* 

so.so* 
62.09* 

63.09* 

64.24* 

123.13* 

124.21* 

z?a .e?* 
29.- 

xi .08* 

36.- 

38.3% 

40.12* 

41 .oSr 
42.14* 

43 .04* 

43 .44* 

44 .m 
45,- 

46.14* 

41.04* 

47.351 

48 .- 
49.- 

5O.M* 

5O.M* 

51.3- 

52.22* 

53.1- 

54 .M* 

54.39* 

55.33* 

61.11* 

62.11* 

63.11* 

64.26* 

123.19* 

124.24* 

28.3% 28.41* 

29.- $9.- 

35.1?* 35.- 

36.4% 37.- 

39.- 39.11* 

40.14t 40.211 

41.1- 41.1541 

42.15* 42.25* 

43.14* 43.1- 

44.03* 44.041 

44.35* 44.- 

45.- 45.34* 

46.1% 46.- 

47.05* 41.141 

47.4$* e.-* 
48.34* 48.35* 

49.21* 49.331 

50.16~: 50.201 

51.041 51.05* 

51.39* 51.501 

52.33* 52.- 

53.211 53.22* 

54.051 54.16* 

54 .so* 55.04* 

51.11* 57.15* 

61.15* 61 2% 

62.16* 82.2a* 

63.161 64.041 

64.31* 6S.W 

123.21* 124.0- 

124.3- 124.34* 

w.4- 

19.- 

5s .Ls* 

37.15* 

39.1- 

40.24* 

41.- 

42.- 

43.1- 

44.141 

45.041 

45.351 

46.- 

47.1% 

48 .a5* 

48.441 

49.37* 

50.211 

51.161 

52 -0441 

52.- 

53.33* 

54.211 

f5.05* 

W.13* 

61.30* 

62.33* 

64.09* 

w.244+ 

124.051 

li?4.5?1 

248 



/,,,,/ 
15.35* 1 

LOEQ 

18 

I 21 

I 22 

m z s  = 
00!3161QT)027 

I 23 
00028 = 

OW28+0DOf5 

02126 34 

@ BEGIN- 2 - - 1 -  35 

I 36 I 36 

0 02106 

249 



CAGE W COWTfUULD 

0 

I 

I 

10 

won = 
ooo22umJ19 

I 12 

woo3 = *  Y3 
Llm23 = OD010 

I S  
1 

# BEGIN am24 2 - - 1 -  
I 

i 

16 

OD025 = 
+32415926+01 1 
4 

I 25 I-GZJ OD028 = 

I 26 
OD028 = 

'3UJ28@!3027 

I I 27 

W 2 8  = 

I 28 

I 30 
rn-728 = 

'3UJ281QrJCI23 

I 
I 31 

250 



CROSS REFERENCE LISTING 

PAGE BOX LABEL R EFER EN C ES 

30 .07 02121 

30.15 !J2124 

90.34 E6326 

90.37 %lo5 

15.351 

35.12* 

66.351 

105.08* 

123.37* 

169.3B 

172 .031 

w .04 

w.36 
30.17 

11.141 

36. 02* 

41.229 

71 .039 

105 .119 

123.431 

169.071 

112.051 

15.371 

36 .031 

71.121 

105.101 

124.011 

169 .W 

172 .or1 

w.19 
20.139 

36.1% 

41 .a1 
T i  .46* 

105.171 

124.139 

169.309 

112 .m* 

28.15* 

36.141 

72.131 

121 .la* 
124.159 

169.461 

172.1 l+ 

28.221 

30.131' 

41.38* 

72 .os* 
122.239 

125.049 

169.489 

112.131 

28.1% 

38.261 

73.021 

122.25* 

125.- 

1m.i2* 

180.04* 

28.291 

39.051 

66.331 

73.031 

122.491 

145.11+ 

im.161 

180.10* 

28.28* 

39.- 

TS.ia* 

123.01* 

145.131 

i m . i e  
181 .n* 

28.311 

39.1- 

66.371 

73.1- 

123.04* 

162.- 

im.m* 
181.031 

28.30* 

40.07* 

90 .40* 

123 .as* 
163.- 

i m .47* 

29.- 

40.17* 

66.3% 

95.141 

123.08* 

166.471 

rm,n* 

251 



NASA-GSFC MISSICN A M  T R A J E C V X Y  A N A L Y S I S  D I V I  

K V A L E  = '32155 

ARC SINE 

'32156 G7 
15.4'3 

c 
I =GIN rnCn1 I - - 1 -  - 

I 

I 2 

PAGE 91 

LWEQ 

5 

I ti21 76 ti21 76 

SUEROLITINE 
INPUT !I1711175 

RESULT !1110L15 I SUEROLITINE 
INPUT !I1711175 

RESULT !1110L15 

0 
252 

0 



9 14 

253 



CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

K V A L E  = !Xi55 
91 .01 021 56 15.40+ 26.16* 119.254: 224.41* 174.1% 

91.09 02163 91.04 

91.11 02164 91 .06 

254 



N A 5 A - G F C  MISSICM AND TRAJECTCRI ANALYSIS DIVI 

U VALUE = Q2165 

ARC C C K I K  

2 I 

PAC€ 92 

1721 73 9 
c- - I -  1 

BEGIN OOOCiA I 

255 



P A G E 9 2  CONTINUED 

~- a 021 74 =GIN IM0C)Q 

- - 1 -  12 

256 



CROSS REFERENCE LISTING 

P A G E  BOX L A B E L  REFERENCES 

u V A L N  = 02165 

92.01 02166 Pi9.38* iM.41* 123.36* in. ie* 
92.09 021 73 92.06 

92.11 021 74 92.04 

K VALUE = 02165 

V!30LM7+15107%3+01 

257 



N A S A - G Y C  HI  SSIW A M I  T E A  J E C T * X Y  ANALYSIS CI V I  

I VALW = I12175 

1721 7 6  4 

4 

7- 

258 



I( VALUE = 0217s 

vo0o10+1000W00*01 

VOW1 1-1262491 1-02 

VbM)lL*tl%7W901-02 

v00013-1708812s-01 

VW014*30891881-01 

V00015-50174304-01 

V00016*88978987-01 

CROSS R E F E R E N C E  LISTING 

P A G E  BOX L A B E L  REFERENCES 

K VALUE = 0217s 

91.13~? 92.12* 93.01 021 I6 

259 



NASA-GSFC UISSION A H )  TRAJECTORY ANALYSIS DIVI 
K VALW = c)2195 

PAGE 94 

260 



PAGE 94 CONTINUE0 

261 



K VALUE = 02195 

VmM37 1cTT)Lwmo 01 

v m i o  2GuaomO-Or 

2 62 



NASA-GQC wIssIa3 AH) TRAJECT-Y ANALYSIS OIVI 

K V A L E  = 02215 

171 OOolO = cootloz 4. 

1 25 
1 

m 1 9  = 
cIMx)7-00016 

1 26 

263 



c -  
8 BEGIN wo28 1 - -1- 

v 

7 I 15  

I 31 
Oooll 3: 

MIo11+ooW7 

I 

264 



CROSS REFERENCE L I S T I N G  

PAGE BOX LABEL REFERENCES 

K V h L N  = a p t 5  

95 .Ol -6 1?9.07* lP.2l* 169.44* 171.m-  

95 .os 02243 95.18 

95.13 02pa 95.n IM.35 

95.16 02241 95 .06 

%%19 02244 95.10 

ss .32 02242 95.30 

265 



I 27 

I 29 

I 30 
00024 = 

00024+00'312 

I 

02267 

266 



LO/EG) 

1 417 

267 



CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

K V A L E  = 02245 

96-01 02246 26.11* 119.45* 12!3.M* 121.- 122.- 

96.11 02267 96.09 96.21 96.45 98.46 

96.14 02265 96.05 % a 7  

96.22 02266 96.17 96.20 

268 



NAU-GSTC H I S S I U 4  AH) TRAJECTCRY ANALYSIS D I V I  

K VALE = 0z ;m 
ME 97 

269 



P A G E S 7  COYZUI U Ed 

I a 
I i l  

(FRACTION) (2 P I )  
= NEG. A W E  

Mol0 = 
LUKllOKIX-KlH 

m 1 o  = 

270 



CROSS REFERENCE LJSTING 

PAGE BOX LABEL REFERENCES 

k ~ u = o z 2 r n  
91 .M W 7 1  29.- 105.03* 105.05* 10!5.07* lP.O(bt 1iFi.W 1p.- 

158.IJw 158.2w 158.25* 160*1cI* fbd.ilE* lrn.l* roe.* 
160.26r* 160.27* 160.31* 160.52* 168.55* 1 W . m  169.2?* 

169.2@ 171 .27* 1?1 .2W 171 .- ill .54* 

u.11 o n 7 5  97.05 

K VALUE = C722TcI 

OM1803842 

v00006+MM00000+00 

2 P I  

I N  RADIANS. EXIT WITH (x) = ANWE B 

271 



2 

I 6 

A 02314 H 

272 



PAGE BOX LABEL REFERENCES 

It V A L E  = m 
Qe .M 02301 10.- 

BI .OB 02314 98.11 

K VALUE = 02300 
VO!Y008+00000000+00 

YMxi12+10000M10+01 

273 



NASA-GSTC M I S S I I X  A N D  TRAJECTtXY ANALYSIS C I V I  

K VALUE 3 212315 

FULL W M A T E I X  FUNCTIW 

13.18 

I =GIN LT-YLLI I - - I - - -  

I 6 

- - 1 -  - 

0 

PAGE 99 

I E!? 

/- E) 
274 



PAGE % CONTlNUEd 

1 15 

I 17 

275 



CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

k V U E  = a p 1 S  

99.M 02316 13.1Qt 152.16+ 

Bs.m 02329 99.a 
W.13 02330 J a m  

276 



1 

I 8 
I 

WITE TAPE D 
BCD MOM 

I 

02354 

CMCIE)J r?ciOfX 

I --B c - -  
e SCALE R.n.s. B 

277 



0 

E W L  

11 
1 

No a 
- _ .  

-L 

101 .m 
7 
92556 A- 2 

BECIN rXnl6 8 - - 1 -  - 
I 18 

c - -  1 :  
- -1- - a IS m 

21 
1’ - -  

L,, 

02358 

t a  

I ,  

02558 

278 



NASA-GSFC HISSICH AND TRAJECTCZiY ANALYSIS D I V I  

K V A L E  = 02340 

lm .32 

r-- 
8 BEGIN LyTJI9 8 - -1- 7 

1 m  .e1 
02356 3- 4 
c 
I BEGIN Lm16 8 - - 1 -  - 

I 5 

02356 

c 
8 
L 

- -  I 
M S .  E X I T  

7 
1 

8 
4 

279 



NASA-GSFC MISSIO( Am TRAJECTQRY ANALYSIS D I V I  

PAGE BOJC 

100.15 

lW.17 

100.22 

101 .Ol 

I01 -03 
lW.01 

100.06 

1oo.lP 

u VALUE = 02340 

Q9CiLH3100042 

-8 

Q901J1J301899 

o90110401919 

~ 5 0 2 1 %  

03000602521 

vcw3M5+cj€mmno+w 

vwoo6+1rymoorJ+01 

vww7+Moo1JrJIJr3+M 

V d o o o 8 + 1 ~ + 0 6  

azoss-RFmEtuE LISTING 

LABa RmRENQS 

02355 

02356 

02357 

02359 

02358 
02341 

De3s3 

02314 

100.11 

I01 .m 
100.20 

lLlll.32 

100.21 1m.w 
14.124 

100.03 

lW.10 

PRINTER BUlPUT OPTION 

N t  TOTAL No. ff OBS. KEPT 

LOC.PRECEDINt 20 LOCS. ff N'S 

LOC.PREcEDING M ux.ff suns OF (0-c 

CKWUQZS R.M.S.FOR TIPE.CRINTS TYPE 

280 



NASA-GWC HISSION AHI) TRAJECTCRY ANALYSIS DIVI 

K V A L E  = !3236!J 

L I E U R  EQUATIONS SCXUTION 
FU(CTION 

14.161 1 I 2ci 

I 24 

I 25 

27 

L -  
a EST - 

PAW 102 

281 



13 
1 

1 
I BEGIN wO14 1 - - 1 -  

001316 = 
D o o l s ~ l l  

102.43 

1 

wO16+tEUO7 

4 

'32389 32 
7 - -  1 
0 BEGIN Lm29 I 
L 

- 1 -  - 
1 33 

PAGE l o t  CONTINUED 

-1- 4 
@ BEGIN M)c138 1 

282 



NASA-GSC WISSION A M I  TRAJECTORY ANALYSIS OIVI 

a VALUE = 02360 

PAGE 103 

I 3 

02591 

02377 

2 83 



NASA-GSFC WISSICN A H )  TRAJECWY ANALYSIS DlVI 
K VALUE = 02360 

1 7 c m 7 + m 4 3  

I 8 

02407  10 

# BEGIN !IO047 8 - - 1 -  - & 00048 = 00006 

CI2413 

?ACE lo* 

284 



PAGE tad COYTIHUED 

, /I_li 
WJ49 = 

LMaQH+c)LyJ45 

, 9 2i 

m 4 9  = 
r n 4 8 t C m 4 5  

I 28 

I 

285 



CROSS REFERENCE L:STlNG 

PAGE BOX LABEL 

I( V A L E  = 02360 

102.01 52361 

102.11 02370 

102.13 02372 

102.15 02374 

102.17 02377 

102.32 02389 

102.34 02391 

102.37 02398 

103.07 023% 

103.10 02397 

104 .01 02399 

104.03 a 2 m  
104.05 051402 

104.10 E4a7 

104.12 02416 

104 .M 02423 

14.1- 

102.06 

1Cn. 12 

102.43 

103.M 

102 .32 

103 .05 

103.09 

103.12 

104.m 

104 .2e 

104.13 

103.09 

102 .44 

REFERENCES 

ABSUTE VALUE FUNCTION 
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NASA-GSFC MIS~IU4  A 1 9  TRAJECTCRY ANALYSIS DIV! 

K VALUE = 02417 

PAGE 105 

7' I 36 I 16 

/,,,/ I 37 I 17 10.19 

c 
8 BEGIN 03001 8 - - 1 -  - I I 90039rp9w53 

90074 

I 2 

I OUl23 = 

I 3 

1 41 ' 

I 

I 
1 

I 6 

00010 = 
C10m7mm09 + 00010 = 
C10m7mm09 + 

0 0 
2 87 



* 
9 C12101 
0 . SlsRanXNE 
0 IFPUT 91c131 
1 RESUT w-147 

PAGE 105 CON.TINUEU 

? 46 
I 26 

9m63 = m 4 5  v ~1 RESUT wol5 I 9 

I 4 1  

I l C 1  

I 48 I 29 

7 - n  I 49 I 11 

I 12 I 
I 32 

I 33 

90032100047 

m 2 2  = 
MM21 +mal L7-1 I 1 5  

MK752 = 
90039rn04R 

!3!J052&0054 



WSA-GSFC WISSION AH) TRAJECTORY ANALYSIS DIVI 

K VAL= = 02417 

I 2 

2 89 



PAGE 106 CONTINUED 

(r v u  = O U I ?  

@amW?m 
890031oo3o3 

89003200504 

Q9m33wsbs 

890135400298 

Q 9 0 0 3 5 m  

Q9o03903835 

49004003834 

Q9W53c)0316 

Q9CJ05400317 

~ 0 5 5 0 0 3 1 8  

49!305600319 

G9005700320 

Q9W5800321 

49005900322 

Q9006000323 

Q9oCM100324 

490118200325 

Q90063003Zd 

STATION LIT(GITW€ (RADIANS) 

STATION L A T I T U K  (RADIANS) 

STATION HEIGHT (C.U.L.) 

D1ST.F- EARTH CENTER TO STATION I C  

LAMBOA SUB 233 (RADIANS) 

Tt  OeSERVATION T I E  IN C.U.T. 

FOTATION CF EARTH (RAD/C.U.T.) 

R A M E S S  CF EARTH 

G 1 BAR 

G 2 BAR 

G 3 BAR 

G 4 BAR 

290 



P A G E  I O A  

G 1 DOT BAR 

G 2 DOT BAR 

G 3 DOT BAR 

G 4 DOT BAR 

G 5 BAR 

G 6 BAR 

G T BAR 

G 5 W T  BAR 

G 6 W T  BAR 

G 7 DOT BAR 

CAP R BAR, S T A T I W  POSIT ICN VECTOR 

CAP R DOT BAR, S T A T I W  VELOCITY VECT 

291 



NASA-GSFC MISSION AM0 TRAJECTORY ANALYSIS D I V I  

ANCLE REOUCBZ 

COSINE 

SINE 

SQUARE -1 

2 P I  

G 5 CVT BAR 

G 6 D3T BAR 

G r CVT BAR 

CROSS REFERENCE LISTING 

PAGE BOX L A B E L  REFERENCES 

PAGE 10A CONTINUED 

K VALUE = 0 2 4 1 7  

3 0 5 . 0 1  main 10.199 

292 



NASA-GSFC HISSICN A N )  TRAJECTORY ANALYSIS D I V I  

K VALUE = '32475 

L a 0  A M )  STWE PRINT 
REQUEST CARDS 

024 16 Lrl 

I 3 

I A 

READ CAW) 

m12 LY.xx77 

trJ7.3L7 
5 

7 - 
1 BEGIN 'Y-3319 8 

- - 1 -  - -  

- - 1 -  
T I S  MIS EM) CFy 

CATA 

A 9 

A 1 !i 

EGlUAL h 

PAGE tor 

1 - 1 ,  
rHAS MAX.F13.*X 
I CARDS ALREAGY I 

DEEN STCREC 

- 1 -  

0 
2 93 

0 



PAGE 107 CONTINUED 

(EWL 

I 14 

L O A 3  

19 

YES.  K T  TO 1 Fc(i 
ERm EXIT 

f 
mi0 = m 3 7  

? 24 

I 3c1 

02486 
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K VALUE = 02475 

619000103100 

Q9000203101 

89000303 1 02 

09000403105 

Q9L7(10503 104 

Q900L16L)3105 

8900I)703106 

Q9000000060 

Q9000900495 

W M 1 m 1 9 1  

v m s + m Z I + r M  

vo!mJ6+7GDXJOO0+Ili 

vm7+1GDXJOO0+01 

1 ST toc. OF STORAGE FOR CARDS 

2 NO STG. Mc. 

3 RO STG. Mc. 

4 TH STG. LOC. 

5 TH STG. LOC. 

6 TH STG. LOC. 

7 TH STG. LOC. 

NO. OF CARDS STORED 

l4AX.W. OF CARDS ALLOwED 

ERROR E X I T  

(LOADS I N  CARDS AND STORES 

CONTENTS IN TABLE.) 

CROSS REFERENCE LISTING 

L A B E L  REFERENCES PAGE BOX 

K VAL- = 02475 

lo? .01 02476 1 .I94 

ID? .05 02486 ID?.% 

1or.w L72494 1 07.04 

10T.16 02484 107.09 107.10 107.11 107.12 

10r.21 02495 107.18 
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NASA-GSFC M I S S I O N  A N I  TRAJECTORY ANALYSIS OIVI 

K VALUE = '3252'3 

QUTPUT SCALE 
ERTER USES LCXATICNS I TO 
128 

i 9 

I 
' 0  

1 1  21 

- - 1 -  - c - -  
I NAME L7-77-71 I 

I 24 

PACE 108 

1 
0254Li 33 

I E E G I N  LlL702CI I 
c - -  1 1  

- - 1 -  - 

0 

L12541 4 2  

296 



CCXIRAFE C)L?rjtli 

Liz649 E9 
c - -  7 
B DEGIN !i!?129 e - - 1 -  - I 51i 

44 

0 I 

I 46 

52533 52545 

297 



NASA-GSFC M I S S I a  A M )  TRAJECTCRY A N A L Y S I S  D I V I  

K VALUE = ‘325213 

108.34 

I BEGIN C)t1022 8 
L - 1 -  - 

I 2 

I I: L12596 

I 7 

109 F - - -  .!i3 ~~ 

I E E G I N  c7c)L776 a - - 1 -  - 
I m 

PAGE 109 

109.25 7 C12606 x: 
8 B E G I N  lX’Z1H6 I - - 1 -  T. 

!72597 

298 



PAGE 109 CONTINUED 

I 12 

f 13 

I 15 

8 

1 
DEGIN L10089 a 

2 99 



NASA-CYC WISSIU4 AM0 TRAJECTORI ANALYSIS O I V I  

WIXELLANEcKlS STA-TS 

VCYJ113+1(McMcJ~+23 

VDCl114+1-+24 

vm1 1 5 + 1 ~ 0 + 2 5  

V C n l l 6 + 1 L w J c m 0 + 2 6  

V D C l 1 1 7 + 1 ~ 0 + 2 1  

V m l l 0 + 1 ~ + 2 0  

V C n l l 9 + 1 L m o M o + 2 9  

V 0 0 1 2 C l + 1 ~ + 3 0  

V M 1 2 I  +Ir-+31 

V 0 0 1 2 2 + 1 ~  +32 

V 0 0 1 2 3 + 1 L m M w + 3 3  

V ! 3 3 1 2 4 + 1 D C m 0 + %  

V 0 0 1 2 5 + 1 L m ( n 0 + 3 5  

V C n 1 2 6 + 1 ~ + 3 6  

V(Jo127+1o1JxK13+37 

V00128+10000LXW3+38 

PAGE 11 A 

P A G E  SOX L A B E L  

K VALUE = 02920 

100 .01 0 2 5 2 1  

108.29 

108.33 

108.42 

109.01 

109.14 

109.19 

109.23 

109.33 

109.35 

02649 

02540 

02541 

02542 

02543 

W5% 

026!JS 

c32609 

L32606 

CROSS REFE-RENCE L I S T I N G  

R E F E R E N C E S  

108.25 108.28 

100.36 

100.34 

100.41 100.49 108.50 109.09 

1m .35* 1m .03* 

109.29 109.31 109.34 

1 0 9 . 2 7  

1% .25 

300 



301 



NASA-CSFC MISSION A N 0  TRAJECTCRY ANALYSIS OIVI 

K VALUE = c12650 

RTER USES LOCATIONS 1 TO 
61 

02651 Lrl 2- - i 
I BEGIN !XJ%31 I - - 1 -  - 

I .  2 

8 

I NAME !1!3331 I 
c - 1 -  1 

- - 1 -  a 

I 23 

0'" 

P A W  110 

'1 
02664 25 

8 BEGIN G9314 I 

3 02 



PAGE 110 COIdylNUEd 

13 
c - -  - 
e NAM L)LMo1 a - - 1 -  - 

303 



CROSS REFERENCE LISTING 

PAGE BOX L A B E L  REFERENCES 

uv*uE=Ds?clM 

110.01 02651 5.- 5.- 5.31* 5.32* 5.3% 110.12 113.15* 

119.0T+ 119 .W 1 1 9 . W  119.11+ 119.1- 119.13+ ¶&?.e)?+ 

122.09e 122.11+ 122.13* l P . l S *  122.1?+ lL5.311 125.3- 

125.41* 125.43* 125.45* 126.0- 141 .LU+ 141.0641 141.oB* 

141 .io* 141 .ia i41.14* i49.33* i49.%+ 1st .ow 1st .or+ 
151.- 151 .11* 151 -1% 151 .1% 151.1T+ 151 .lo* 15¶ .21+ 

110.25 02a34 110.10 

K VALUE = 02650 

rlsM010384 1 -26 

vLMCM5+-+rJO 

ucnoo*+1rwmm0+01 

V ~ 1 1 + 4 6 o o w M ) + Q 2  

304 



305 



K V A L E  = E 7 2 0  

G93JOlCPJ246 

-58 

G9!XPJ3!3!3392 

QS43JMLKn53 

~ 5 1 0 0 6 9  

a9C100602O9H DIFF.  IND. (DIFF.  IF IND.=O) 

VOLKM7+9MMOCPJO+rll 

vmrlm+omc1c)o+ao 
CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

K V A L E  = 0 2 7 m  

ill .01 E721  11.33* 13.11* 

111.12 E 7 2 9  111.03 

1 1 1 . l G  fJ2725 111.08 

306 



NASA-GSFC MISSICN A M  T R A J E C T M Y  A N A L Y S I S  D I V I  

I( VALUE = 02750 

ABSOLUTE V A L W  F U J C T I C N  

112751 fJ 
11.35 

c 
8 BEGIN Cmc31 I 

"1- - I 
- - 1 -  - I 2 

h\/ 112 

112756 4 

8 BEGIN cRcx36 I 
- - -  I, 

!I2757 "L 
I 7 

307 



U VALUE = 02T50 

VOoo08+WOOOOOO+W 

CROSS REFERENCE LISTING 

P A G E  BOX L A B E L  REFERENCES 

k VAL= = -7% 

112.01 02751 11.351 34.031 42.201 42.351 43.0941 43.24'4* 4 3 . w  

44.- 44.249: 44.3% 4 5 . m  45.241 45.- 46.- 

46.241 46.3% 47.091 47.241 47.391 48.091 48.241 

m.3* 4 9 . m  49.261 49.431 M.09* m.m* m.43* 

5 1 . m  51.- 51.431 5 2 . W  52.261 52.431 53.0941 

53.- 55.431 54.- 54.261 54.431 55.091 55.w* 

102.281 102.301 1 2 0 . 5 1 1  121.011 158.131 158.151 179.1318 

i79.221 103.141 

112.04 Q2756 112.03 

112.08 02757 112.03 112.03 

308 



NASA-GSFC MISSION A k !  TRAJECT(TZY A N A L Y S I S  D I V I  

U V A L E  = 0 2 7 a  

CWE-WIRD L M D  (PRINTS 
L0C.C V A L E  F fm CCX. 

02761 G7 

I 6 
1 - 1 ,  r I S  THIS EN0 ff , 

CAROS 

PAGE 113 

L 

1 
02168 10 

I BEGIN ll0108 ! 
' - - r -  - 

309 



P A G E  113 CONTINUED 

c 
e 
L 

8 

3 10 



, 

NASA-6JFC UISSION A 1 9  TRAJECTCRY ANALYSIS D I V I  

cRoss-RSU?OKE LISTING 

PACE 80# LABn R m R p l Q S  

113.01 02761 1.1- 2.23* 3.03* 

113.04 02767 113.14 

113.10 02768 113.07 

K VALUE = 02760 

G9c1001w000 

89000202651 

v0002)5*10M10000+01 

V00006+00000000*00 

INPUT CWVERTER 

1-17 + ALPHABETIC IDENT.EROH c a s . 3  

OF EACH CARD LOAOED. USES 19 LOCS.) 

311 



NASA-GSFC MISSION A H )  TRAJECMRY ANALYSIS D I V I  

K VAL= = 02800 

ILOEQ 

W A R E  M O 2 5  
TO 90095 

EQUAL 

I 02807 

READ TAPE B 
EINARY HPE 

10 

8 BAD REC. 
L -  

PACE 114 

3 12 



PAGE 114 CONTINUED1 

16 

I TRY AGAIN 8 
1 

3 13 



NASA-GSFC MISS104 AN) TRAJECTORY ANALYSIS D f V I  

K VAL& = 028m 

02814 17 

I S I N  W 1 4  

0 09 OF DATA > - - 1 -  

9c1053 = 00016 LT-i 

PACE, 11 5 

1 29 

1 32 

314 



PAGE 115 CONTlHllfCi 

9 

WO71 lNlECRAL 
PART Q 00071 

1 10 

00071yxX18 w 

I 16 

ooD12yxX73 ii-' 

I 3e 

OBSERVATICN 
I 

913055 = ocx3J5 

, I 39 

INTERVAL 
90056 = ooM3 

i M 

315 



U - G Q C C  WISSIo1 AND TRAJECMRY AUALYSlS DIVX 
K V A L E  = '32SOO 

P A Q  €16 

3 16 



CROSS REFERENCE LISTING 

P A G E  BOX L A B E L  

KVAUE.=C)2800 

114.M 02801 

114.- 02811 

114.08 - .  
114.17 02010 

115.01 02801 

115.17 02014 

115.P m m  
115.23 oeao8 

REFERENCES 

lO.OT* 114.W 114.10 

114.03 

114.16 

114.11 

114.05 114.18 

115.03 

115.19 

317 



K VAL= S 02800 

STATION LABn 

EaJAlORXK aZ POLAR IDENT. 

OBS. TrPE rroE 

OBSERVAT ICN 

RH3 1rRANGE wUsurnoSr INTaWK IN 

SAT. ID. 

nEF 

Mm 
OeS. DATE TO DAY 0 3 A T  

J U I P N  OAYS-SE03H15 TO C.U.T. 

Loc. 2€m 

BAD FEm IND. 

No.* R€@D ATTEMPTS 

MINUS CNE (TO BACKSPAQ ONE RE-) 

TRANSFER P~INT FOR BAD TAPE OH m 

318 



NASA-GSTC UXSSICU Am ~~AJECTCRY ANALYSIS OIVI 

I( V M t E  = 02935 

I 03W T 
7 . -  
fi BEGIN 1711082 

PAW! 11T 

6 
1 

I 

02941 10 

I 12 

319 



PAGE 117 CONTINUED 

STCRE INPUT ELEM. 

9rJDSl = ooo39 _1 20 

M I T E  TAPE D 

oorm Om21 

M I T E  TAPE D 
LxyD31 Cm21 

M I T E  PRINTER 
BCD mOE 

320 



K 

117.01 

117.06 

117.08 

117.10 

118.16 

118.26 

118.28 

119.01 

119.15 

l P . 3 2  

12l .M 

1e1.06 

1e1.09 

122.01 

122.41 

123.28 

123.40 

125 .02 

125.30 

125.35 

V A L E  = 02955 

02936 

03017 

02940 

02941 

02978 

02942 

02943 

02946 

02944 

03020 

03016 

02964 

02949 

02947 

02952 

02953 

02919 

03W5 

02948 

03026 

3 . m  30.354 

117.05 

117.04 

117.07 

117.05 

118.24 

118.25 

117.03 

120.25 

121 .M 

12L7.42 

120.42 

126.03 

123.27 

123.27 

120.40 

118.05 

121.03 121.05 

121.30 

321 



K VALUE -35 

Q#1M)101101 

~ 1 1 0 2  

asaamoiim 
-01 101 

Q91005011M 

Q90M3801106 

Q9oZx)r01 107 

89ooMMlla8 

49000901 109 

a900IW1IIO 

a9001101111 

a9001201112 

~ 1 3 0 1 1 1 3  

a9001401114 

~ 1 5 0 1 1 1 5  

Q(JIyJ1601116 

0900170111T 

a9001801118 

Q9oo1901119 

G9002000090 

-852 

a9002702651 

a9002903864 

Q9005003351 

a9003103376 

a90032aJ295 

a90033oM96 

G9903400297 

Q9W3501123 

Q9O!J3601125 

89(M3701122 

Q9003801121 

GXW33901i24 

a9004001120 

a9M)4101190 

O900420119f 

Q9004301192 

09004401193 

Q9004101194 

A ,  S M I - W A X I I  M I S  IN C.U.L. 0 

E, ECQNTRICITY 0 

MJ, TRUE ANaucr IN RADIINS 0 

R sue I M r n L x n i i w s i ~ ~ c w  I 

R SUB J VECTOR iN C.U.L. I 
R W 0 K  I 

V S U 0  I S A R L L I T E V E U X I T Y  I 

V W J  V E C l O R I N C U / C U T  I 

I V W U  

R 0 ,  MAG. OF R BAR 0 

v 0 ,  w .  OF v BAR 0 

kMilE DELTA IN RADIANS 0 

M I  HEAN MALI IN RADIANS 0 

PHI, ORBITAL A Z I W T H  IN RADIANS 0 

WALL M G A v A R G - O F  PERIGEE IN RAD 0 

I ,  INQINATIQS IN  RADIANS 0 

CAP ONEGA,LONt.CF A X - W O E  IN RAD 0 

X T A  (ELEVATICf4 V) IN RADIANS 0 

NI HEPN M3TIQS IN  RAD/C.U.T. 0 

NORHAL OR SeECIAL ENTRY IND. I 

Mu I 

INPUT 03NVERm F 

J I 

OBSERVED DATE TO J.D. F 

-? 

YEAR OF RaERpIcE (LAST 2 DIGITS) I 

DAYS JAN.1 - DAY OF RETrRENQ I 

PERIOD IN C.U.T. 0 

H I G H 1  OF Apocrr I N  C.U.L. 0 

CAP CUEGA DOT IN  RADIANS / CUT 

SMALL CU€@A DOT IN RAOIANS/CUT 

MIGHT OF P€RIG€E I N  C.U.L. 

CAP E ,  ECCENTRIC ANOWALY I N  RAO 

MAR OAT€ AbK) T I M  

w i n  OF ELEMENTS 

DAY 

HOUR 

MINUTE 

322 



S. P.  FOLERANCE FOR ZERO E 

0 

I 

I 

t 

F 

F 

F 

F 

F 

0 

0 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

0 

I 

I 

323 



I 4 

I 17 

324 



1 1 

I 11 

I 12 
00035 = m 3  

13 

00034 = 0003e 
I 

I 1s 

VRTr 
I 

00031 = 90033 

325 



- - 1 -  

16 - 
e 

4 

17 

I 2 3  
I 

8 02021 
A i 

I 36 

7 I 8 02051 

37 
c- - 1 -  1 - - 1 -  

I 

SUBROUTINE 
INPUT oO059 

0 

326 



PAGE ( (9 CONTINUE0 

I 9 

4 

90018 = 
mm-53 

I 27 

I 28 

29 

L ALPHA OAR m 
c - 1 -  7 

RESULT L7c1059 

4 4  
1 

8 CAP W€GA I - - 1 -  - I 45 

I : I L’2246 I 

4 
327 



NASA-GSFC HISSICN ANO TRAJECTCRY ANALYSIS D I V I  

K VALUE = 52935 

PAGE 120 

I 2 

I 3 

D2!!151 

INPUT LWJ53 
RESUT cxx159 

L72246 

INPUT 0131759 
REWLT 9-7-1714 

7 

0 

z; BAR DOT V-7 BAR e 
L -  I-  - 

I 18 

I 19 

I 21 

0 

02964 I 02949  

I 44 

328 



PAGE 120 CONTINUED 

I 9 

m 5 9  = IuI_I L m 5 9 + m 5 9  

I 10 

I 12 

4 

OM20 I 32 - - -  Y ! BEGIN 00085 ! 

- - 1 -  T, 

I 35 

Li3505 

I 4 9  

I 52 

I 54 

I 55 

329 



NASA-GSFC WISSION A H )  TRAJECT-Y ANALYSIS D I V I  

I( VALUE = 02935 

7 ‘ 1  

02949 

OX116 4 

I BEGIN I 

W-7-13 = W.73 

6 
12Cl.42 

c- 
a BEGIN ClfXI29 a 

I gcm3 = I Lm22-Y-XXJ3 

I I 1  

I 12 

I 15  

PAGE 121 

02271 

SmRaJTINE 

RESUT Sa015 

I 28 

6 
03005 

330 



Q ie 
I 

9 o21w 
A I 

7 - -  I <  
8 SIN Fw 

I 2!J 

c - -  1 2  - - 1 -  - : CAP E 

I 22 

33 1 



NASA-GSFC H1SS1ON AH) TRAJECTORY ANALYSIS D I V I  

U V A L I T  = 02935 

c - -  f, 
@ BEGIN ( m i 2  1 - - 1 -  - I 2 

I 3 

MITE TAPE D 
BCD moE 

4 

MITE TAPE D 
DCD MCOE 

m.1m LT-34-121 

5 

M I T E  PRINTER 

(117(1S 9-Q321 

R 
c - -  1 1  
a E 
L - -  6- - 

7' 
I l? 

I 18 

c 
I 
L 

- -  I 
SINE 

24 
1 

I 
4 

PACE 122 

I 34 

I A 0  

09J16 = 

(12952 - 41 c 1 
S BEGIN 00017 1 
L -  

332 



P hGE 122 CONTINU E D  

c - -  I <  
8 I - - 1 -  - 

16 

I CAP W G A  I 
- - -  1 1  -r 

9 25 

I 33 

I 32 

Q 42 

I 43  

m 4 5  = 

[-".I Y.l022/CKXl45 

I 45 

SUORXITINE 
INPUT OL7CI4745 

RESILT ULlO46 

I 48 

I 49 

SUERXITINE 
INPUT 93317 

RESULT L1Li1747 



NASA-GSFC WISS1oN AND TRAJECT-Y ANALYSIS D I V I  

K VALW = 02935 

m 4 9  = mi9 + 
3 

a c o s 1  

5 
c - 1 -  1 

SIN I - - 1 -  1 
021L71 

I W U T  9L7(716 
RESULT W-751 

c s T 7  COS M L T A  4 

L - . -  - 
I 8  

INPUT 9-7L712 

1 ,  9 
7 - -  ! S I N  DELTA ! 

- - I -  - 
0 

7 I? 

INPUT m 4 7  
I R E W T  93’785 

1 z-7 

I 21 

c- 
a 
L 

~ 

SWRCXTINE 
INPUT W-352 

RESLLT 9’85 

BETA EAR 

1 SUBRWTINE 
INPUT 110065 

RESULT 017057 

b 

PACE 123 

a BEGIN OOOlH a 

WALL OWEGA 

W 3 1 5  = 

J 

1 31 

02166 

INPUT 00067 
RESULT 90040 

0 
334 



RESUT m 5 3  

I I 1  

I 02001 

15 

a ALPHA BAR e 
c - 1 -  - 
- - 1 -  T, 

7 -  I 
- - 1  
a C A W  

I 021175 

335 



NASA-GSFC MISSION AW TRAJECTO(ZY ANALYSIS D I V l  

I( V A L E  = 02935 
PAGE 124 

1 ‘ 1  

I 2cI 
I 

8 020701 
2 1 

I SU3ROUTINE 
INPUT am75 

RESUT 9’.!-W5 

I I I 92076 

I SUBROUTINE 
INPUT W J 5 1  I: I RESULT rJ0051 

0 

SLsRaJTIN 
INPUT RlCl52 

RESULT f30065 

INPUT CH3051 
RESULT 90065 

35 

H OM41 

36 

I R W T  BAR e 
--I - - 1 -  

0 

336 



P A G E  124 CONTINUEL1 

9 
D 

i 
7 

0 

92195 

S L B W I K  
IWUT m4L7 

REsULT '33'364 

I 23 

a 7 - -  I ;  
R BAR 

021 56 

RESUT W J 5 3  

1 42 

337 



NASA-CSC UISSION AND TRAJECTCRY ANALYSIS DIVI 

1( VAL,UI = 02935 

2 - 
a BEGIN mom 2 - - 1 -  I 3 

5 
7 - 1 -  - 

SIN I - - 1 -  a 
02101 

RESULT LX€l66 

I 
02101 I I SCsROVTINE I 

INPUT 9Ln16 
RESULT LX€l66 

0 

I 25 

1 26 

P A M  125 

ELEWENT TYPE 3 

1 
8 BEGIN ooO13 0 - - 1 -  - 

I 32 

I 33 

BCD HI)€ 
ODL73L7 '3m21 

03'326 
1 

8 BEGIN '301791 8 

I A 8 
--1 - - 1 -  

0 

338 



PAGE 125 CONTINUED 

’9. 9 

1 12 

[ T I  0005‘3 = 

I 18 

Q 31 

36 

E 8 
r - 1 -  1 

- _I-- 

w 8 - - 1 -  - 
RESULT 93003 

44 
1 

4 4 
339 



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS O I V I  

K VALUE = 02955 

I 3 

PACE 128 

340 



NASA-GSFC MISSION AND TRAJECT-Y ANALYSIS D I V I  

K V A L E  = C)%5C) 

BACKWARD 01- 
INTERPCCATION F W T I O N  

131.26 

I BEGIN !YXlD1 8 - - 1 -  - 
I 2 

Lxx715 = 
-1cFxI!m-m+cI1 1 

I 3 

L1JL)23 = 
(m23/cyn13 

I 

Dm21 = L r n 2 2  + I P 

PAM le? 

I 39 

CCMPARE L m 1 4  

LOEQ 

4 1  

341 



Q 10 

'33318 = 

I I 1  

m 3 3  = 
oCnl4+'33318 U 

03056 
7 -  
D BEGIN CIcYnx D - - 1 -  - 

I 15 

I 26 

I 29 

, - 
31 
1 

I BEGIN LXXXI8 I - - 1 -  - 

342 



CROSS REFERENCE LISTING 

L A B E L  REFERENCES P A G E  BOX 

K VALUE = 03050 

127.01 03051 131.26* 131*28* 131.30* 131.52* 131.34* 131.36+ 

t2r  .04 030d5 l f7 .09 
m.rr OW56 127.24 

ier .is mw 127.23 

127.31 03058 12r.40 

K VALUE = 03050 

VW!3lO+WOOMOO+CIO 

V w Y J l l + l ~ + O I  

vw012+iDOW000+rJ2 

~ 1 4 + 5 M m o o o + 0 1  

343 



I 6 

LOCATIONS 

00025 = 100003 4 

7 -  
I BEGIN 00030 I ' 
L -  I' - 

03305 14 

7 - -  I I +  
m - -1 -  - 
I 

7 - -  I 4  
I m I - -1 -  - r 

l Z 8 2 2  

c 
a BECtN00029 3 

344 



PAGE 128 CONTINUE@ - 

LOEQ 

I1  

A W  INPUT DAY TO 
DAY CahlTER 

m 2 7  = 
LxXn5+rn27  

113331 18 

SET LEAP YEAR I=cI 

113332 
1 

I -  L ,  

22 

Li3329 I 23 

11!J!327+c111111L7 

0 Ci3329 

YEAR IS GREATER THAN 4I+l 

L73333 24 

I BEGIN L13333 a 
c - -  J ,.- 

K T  LEAP YEAR 

Mci26+c7L1Lp39 

345 



u VALUE = m3!m 
MOoa8+2W00000+01 

Max)9+400R3000+01 

Moo10*100R3000+01 

Mooll+00000M0+00 

vooc)12+31OLlOOOO+02 

vOr3013+59000(XIO+M 

vlxM14+90aX1000+02 

vooO15+12MxKwM+03 

Moo16+15100000+03 

vooO17+10100(3W+03 

voo18+212oMoD+03 

vooO19+24fowoo+o3 

VooMo+273wooo+03 

~ 1 + 3 0 4 o M o c ) + 0 3  

vlXxm+33400(3W+03 

Plm W I T H  tZ)=*EAR, (Z+l)=))DNTH, ( 

DAY. EXIT WITH CR)=NlJMER OF DAYS 

JMI.1 OF TIE: G I W  YEAR THRDUIH T 

GIVEN DATE. 

H3. OF DAYS W TO FEB. 1 

No. OF DAYS IP TO MAR. 1 

N3. OF DAYS IP TO APR. 1 

No. OF DAYS Lp TO MAY 1 

M. CF DAYS IP TO J U E  1 

M. CF DAYS Up TO J U Y  1 

N3. OF DAYS IP AUG. 1 

No. OF DAYS W TO SEPT. 1 

M. OF DAYS IP TO OCT. 1 

M. CF DAYS W TO H3v. 1 

M. CF DAYS Up TO Et. 1 

CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

U 

128 .Ol 

120.07 

128.14 

128.18 

VALE = 03300 

03301 1.1- 129.1- 

03330 120.11 

03m 128.10 

03331 120.13 

03332 120.25 

03333 120.22 

03329 128.22 120.23 

3 46 



NASA-GSC HISSISFI A M )  TRA JECTCRY ANALYSIS D I V I  

K VAL& = 03700 

PACE' 143 

3- 03744 2 

- - 1 -  a 1 BEGIN Ti344  I 

1 7 

. . . - I R 

'i3746 9 

I EEGIY liOLi46 I 
- - 1 -  - - - 1 -  - 

I 1 !i 

379 



P A G E  143 CONTlNUEP 

0 21 

THIS PROCESS Box 

MACHINE can? 
I REPRESENTS ~1 

173743 

380 



381 



NASA-GSFC H I  SSIW4 AM) TRAJECTCSY A N A L Y S I S  D I V I  

K V A L E  = 9375’3 

PAGE 144 

Q 11 I 
LO/EQ 

14 

I 16 

I 17 

3 82 



CROSS REFERENCE LISTING 

PAGE BOX LABEL R E F  E REN C ES 
K VALUE 53755 

144.51 '33751 183.96* 

144.!75 '33763 148.13 

3 83 



NASA-CSFC WISSICN AND TRAJECTORY ANALYSIS D I V I  

k V A L E  = 03893 

Cc*mUrg RAD/DEC 
I 

OM68 = 
!J'JOII /73!3-147 

PkCE 145 

Tr3RC1I I 
1 . 1 2 - j  

I 

3 
c - 1 -  1 

I S  I T  DF - - 1 -  - 

I I 1 9- 03818 2 
8 BEGIN 00018 I - - 1 -  - 

~ 1 5  

I 17 

I 13 

1701157 = 
@3!342/C10'357 

I 21 

I COMPUTE 3 PI /2 

0LM10oooc)38 

0 

I 33 

OF Y R M )  

I' 

384 



PAGE 1411 CONTINUED 

lloT1gl OF TAU I N  
RAD./ C.U.1. 

I VECTORFOR SUN I 
E T .  

- 1 -  
1 11 

02105 

RESLLT a3097 

4 

~1 
m 7 3 m 4 3  

i 24 

1 26 

4 

C.U.L. / 
ASTRCXOHICAL UNIT 

00078/o(x146 

385 



NASA-GSFC UISSICN A H )  TRAJECTmY ANALYSIS OIVI 

K V A L W  = 'J38Eio 

PAGE 1 4 8  

0 
3 86 

1 29 

i 3?1 



PAGE 146 CONTlNUEd 

I 9 

I I t  

I 12 

387 



W U - G S F C  WISSICN A 1 9  T R A J E C m Y  ANALYSIS DIVI 

K VAL* = O?l8!30 

PAGE l a ?  

146.16 

8 BEGIN mi7 # - - 1 -  1 

1-1 OLIO32 = 

MIS IS H S f  ORBIT 
tENDum 

I 7 

16 
1 

4 

I 17 

I 20 
CcHpuTr K3 

f 
Lxn24 = 

wO54~Q1Xi21 

I 

OOD22 = 

388 



P A Q E  14? CONTINUED 

I 24 

W24 = 
OOMIIOOOl2 

I 25 

I 26 

I 29 

389 



V A S A - G F C  Y I S 5 I C N  ANC TRAJECTORY ANALYSIS C I V I  

m E I T  GENERATQF? INDICATOR 

!i=W 188) =2*926, 1=w (88) =a*53  

%WARE R33T 

S I N  

035 

312 

5 /2 

Y IN/HR 

CROSS REFERENCE LISTING 

P A G E  BOX LABEL REFERENCES 

I( VALUE = 53&m 

145 .O l  53HCil 1.12* 

145.Of I73818 145.54 

146.14 '33H19 146.05 

14t.!il 53817 146.16 

14/.16 53816 147.Ci3 

P4GE I S  4 

390 



THESE CONTENTS ARE STORED IN THIS AREA FOR USE BY OTHER PORTIONSOF T H E  PROGRAM. 

T? , T M .  F W  MAG.1-F (R X U) I N  c i  D 

T i X .  FsX ( W I T  R )  D 3 T  (U) I N  SUN OET 

2*26 

2 rt 

SEOWOS / C.U.T. (C.U.T. = 
CRITICAL INCL. F i X  W M R  

K ILCMETERS/C .U. L . (C .U.L . = 
OE6REES/RAOI AN 

WTATIQ-4 OF EARTH IN RADISEC 

RADIUS I=F EARTH I N  C.U.L. 

C 

W * 2 = G M  

52 

53 

54 

55 

CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

K V A L E  = 93825 

149.51 5 3 9 G l  2 .'.i3+ 

149.57 03911 15Li.55 

149.11 '.739c76 149 . r ig  

149.21 53938 149.9 9 

391 



1 
1 

I 
--L 

2 

I 4 

I 5 

-1000000L)+Ol 

00042 = 

1Sb.os 
05911 
7 - -  
I BEGIN 00011 3 
L - -  

8 

READ CARD 
BCO W O E  

PACE 149 

I 31 

52651 

INPUT ?1!11126 
REESUCT '39026 

392 



21 
1 

8 
4 

I 11 

m 5 9  = 
m59#3m43 L1" 

393 



NASA-GSFC HISSICN AND TRAJECTORY A N A L Y S I S  D I V I  

K V A L E  = 039CM 

i 
f-7- 

1 4 

0 49.Li 

FACE I 5 0  

5391 1 

394 



ERR3 INDICATOR 

IWUT CCNVERTER F. 

OBS. DATE TO J.D. F. 

JULIAN DAYS-SECWS TO C.U.T. 

Fn. CF T(P,W)"S - 1 

ENTER WITH (Z)= SAT. ID .  M., ( Z + l )  

*: REF., (Z+2f= DAYS JAN.1- DAY SF 

EXIT WITH (X)=T(P,Q) I N  CUT,...(X+Z 

N(2,Q) I .  . . (X+40)= N(3,Q) ... I . € . ,  W 



I 3 / - /  oo010 ooM6 

I 7 

I 8 

CAGE 1SI 

396 



212651 

I 12 

I 14 

om22 = U L121rj215 *.7LiL122 

PAGE 151 CONTINUED 

397 



CROSS REFERENCE LISTING 

PAGE BOX L A B E L  REFERENCES 

K V A L E  = 'M25 
f51.01 a4026 1 . 3 ~ 4  

IN'UT CONVERTER 

M 

398 



NASA-GSCC MISSION AEO TRAJECTORY ANALYSIS DlVI 

U V A U E  = 94055 

I 2 

1 04063 

PAW 152 

EQUAL 
04068 I 24 - - -  1 
S BEGIN '93313 

WUARE RT. HAM) 
S I M  OF EQC 

001314 = 
0mt2a0012  

OF SIUAREO 
(0-C) " S  

I 

0 0 
399 



PAGE 152 CONTINUED 

0 
90597 = 11 9059BbOcn3 

I 12 

I 

I 

15 

clL7!312 = 
w o 1 2 ~ 1 1  

I 16 

400 



K V U  = 04055 

49059800598 M 

Q90597M7580 M-1 

~ 2 a o o 4 m  
Q#xM102316 AUtFENT MATRIX 

09000204055 bEIGliTS 

Q9ooo3oa400 FIRST LOC. OF W K K W  H3"S 

0900!34!342w Loc.PR€CEDIN(; FIRST OF SCMS Q XJ 

Q90419m419 

Q9!30480tM48 N, H3.W CCWITION EWS. 

090M900W.9 SUM OF SQUARED (0-0 " S 

V ~ 0 5 + 1 w o w O 0 + 0 1  (COHPUTES AN EQUATION W CCNDITIOW 

v m o o 6 + o o ~ o + o o  EACH M K W  BEING SOLVE0 FOR, AM) 

CROSS REFERENCE LISTING 

PAGE BOX LABEL REFERENCES 

K V A L E  = W 5 5  

152.01 04056 14.14* 

152.24 04068 152.21 

401 



NASA-GSFC UISSIOH AEO TFAJECTC(ZY ANALYSIS D I V I  

K VALE = 94100 

L74105 

14.18 
1 

i- 1 
I =GIN ooOo1 # - - 1 -  7 

4 

3 

mT.MFIN1 
I TEW.LOCS.FCR I 
L P R I N T W . 1 2  LO 

I 
-.-  2 

3 

mT.MFIN1 
I TEW.LOCS.FCR I 
L P R I N T W . 1 2  LO 

I 
-.-  2 

COHPARE Li0Ln6 

L74102 

PAGE i f 3  

I 14 

I 1 5  

I 16 

I 17 
1 

I GETAN3TkIER J 8 - - 1 -  - 

402 



PAGE 1 5 3  CONTINUED 

rL/ 

403 



N A S A - G Y C  MISSION AH) TRAJECTORY ANALYSIS D I V I  

It VALUE: = D41m 

WXXIlXi4Ln FIRST LOC. (IC WKNOUI W " S ,  J 

WXXWX3441 FIRST LOC. CT WNOUIS.  X J  

CtM?lCI3042!33 Mc.PREcEDIW. U'&EIGHl'EO) XMS CF IC J 

QqcmJ4m7Ln LOC.PR€CEDING (HEIGFITED) PR€V.SWS 0 

osrmsrnm LoC.fjRECEDING (HEIGHTED) SUnSW XJ 

a9xxmzuD35 FIRST L0c.W (X*ISTRAINT LEIGHTS 

V ! x m . &  +l!xXKKml+Ol GET SUM PREV.XJ ,  ADDS X J  TO I T  + 

CROSS REFERENCE LlSTlN G 

PAGE BOX LABEL REFERENCES 

I( VALE = !34lrjcl 

153 .Ol W1O1 14.18* 

153.O4 O41O5 153.11  

PACE 16 A 

404 



1 

I 3 

4 - -  I 
GJm.c.9-72 Go a- 
t PRINTER. USES33 b 

-T- I 
I 6 

I 1s 

I 17 

I 18 /?/ MITE TAPE 0 

405 



PAGE 154 CONTZNUEOl 

I 10 

I 12 

I 13 

406 



K VALUE = D12oQ 

CWJ!J!JlOS399 ORBIT M N E R A T W  IDPITIPICATION 

V ~ 5 + 1 ~ + D I  i ,er3 ,4 ,5 . r  WPHABETIC) IN x...x 

v w w 8 + 6 m + a 1  LINES OF PRINT cHAR.ARE 'LJRI 

CROSS REFERENCE LISTING 

P A G E  BOX L A B E L  REFERENCES 

K VAL* = r?4m 

154.01 04201 1 .0* 

407 



NASA-CSC MISSION AWD TRAJECTaRI ANALYSIS DIVI 
K VAL= = 04330 

1~ mol0 = 

1 3 

d 

mol0 = 
~ 1 0 * 0 0 0 1 4  

I I 7 / ~ /  00013 Ow13 

I 14 

-0 q m F l E  moil 

155.09 

8 =IN- A - - 1 -  
mi1 = Do010 + 

1s6.05 T 

0 WIN-19 - - 1 -  
0 WIN-19 - - 1 -  

/ -  W l X E  TAPE D 

Do011 OW13 

I 

04548 

408 



PAGE 155 COYTJUULD 

Q 1- 00010 = 

409 



NASA-GSFC MISSION AH) TRAJECTCRY ANALYSIS D I V I  

K V A L E  = 04350 

m339 

04356 LT-l 

04339 

OM17 = #334 v 
OW18 = wO35 '3 04339 

c - -  $, 
I BEGIN 00036 a 

ir 

00015 = 00037 

I 

I 19 

PACE l S 6  

7 - -  I~ 
8 BEGIN 00041 0 - - 1 -  - 

00015 = OW42 LT--' I 23 

OM17 = ooU44 L-T--l 
ooU18 = 00045 

'~ 04339 

04376 

r r - -  f, 
I BEGIN OCPJ46 a 

04339 w339 

410 



NASA-GSFC MISSION A H )  TRAJECTCRY ANALYSIS DIVf 

K VAcm = 043m 

PAGE I f ?  

EO316 = W 5 3  L-1-l 
m 1 7  = Lm54 + 

a 3 3 9  

8 BEGIN DO1156 8 
L - 1 -  - 

I 8 
1717016 = 1711058 

I 

i 9 

I 10 

1 13 

I 14  

04396 

c - -  I BEGIN f; DOL366 I 

i 19 

‘34339 M339 

411 



NASA-GSFC WISSCM AND TRAJECTORY ANALYSIS O I V I  

CROSS-REFERENCE LISTING 

PAGE Bax LABEL REFERENCES 

K VALUE = 0 4 3 m  

155 .01 m331 

155.05 '34335 

155.11 04338 

155.19 0433 r 
155.16 04336 

155.28 04339 

155.35 

! 56 .rll 

156 .06 

156.11 

156.16 

156.21 

156.26 

157.r31 

l57.C)6 

157.11 

157.16 

04349 

04351 

04356 

04361 

04366 

'34371 

'343 7 6  

'34381 

04336 

'54391 

'343% 

lpAGL X 

1.23* 

155.15 

155.O8 

155.L79 

155.26 

156.05 156.10 156.15 1!56.2!3 156.25 156.30 157.05 

151.10 157.15 1 5 7 . S  

155.29 

412 



NASA-GSFC HISSICi4 A H )  TRAJECTORY ANALYSIS DIVI 

K VALE = 1144L1ci 

m e  EH) 
MclpUTE EFFECTIVE DRAG 
(DELTA H) 

'34401 L 
74.05 

c 
8 BEGIN LXy301 8 

--I - - 1 -  

m 3 9  = mx) + 
1 3 

m10 = I +!3!3LKm+cn 

15R.28- 
4 

I BEGIN Cnm5 0 
c - -  - 0 5 1  1 

- - 1 -  - 

I 10 

I 11 

I 7 

FlNAL DELTA U= 
(DELTA HI (10 

WERE K = l  OR 0 

IM1139*9O(Ml 

I 

02751 I 

PACE 158 

ff 

413 



P A G E  158 CONTINUED 

414 



CROSS REFERENCE LISTING 

PAGE BOX LABEL 

uvnuE=o44oo 

138.01 04401 

158.04 04405 

158.09 04401 

158.23 04406 

REFERENCES 

74 .05* 

158.28 

156.05 

158.16 

No. OF T(P,Q)"S 

T ( O ) ,  E W C H  TIME I N  C.U.T. 

K I  C(ULT1PLIER FOR OfLTA M (K= 1 OR 

T(P1Q)"S TIHES OF DRAGS I N  C.U.T. 

N (2 IQ) " S 

N (3 r Q )  " S 

08s. TIME I N  C.U.T. 

PRINCIPAL VALUE 

ABSOLUTE V A L E  

415 



1 5 5 . 3 3 4  1 
7 - 1 -  1 
8 BeCINDmOi 8 - - 1 -  - 

I 7 

INPUT Oooll 
RESUT Oooll 

I 28 

416 



Q 10 

I 13 

417 



a v ~ u l t  = w s s  
09wo102650 K OF OP3 F. + 130 ,INPUT CONVERTER 

Q9ofJo202649 

Q9mm3021120 (XITPUT SCALE F. 

P9000400042 OUTPUT OPTION 

liwooo8OWB9 

-1- 

6#001213ooo2 

K O F O P S F .  t 129’ 

SIMLE PMCISION 

49Wi- 

49001410004 

p 9 0 0 1 5 ~  

vooOrn+5OM10000*01 

vowaB+l0000W0+01 

v00009+00W0000+m 

CROSS R E F E R E N C E  L I S T I N G  

P A G E  BOX L A B E L  R E F E R E N C E S  

K V U  = 04455 

159.01 04456 155.33dr 155.31* 

159.08 o44m 159.23 159.37 

159.36 04417 159.41 

159.26 04461 159.16 159.17 159.18 159.19 159.20 

l!p.K) ‘34476 159.34 

418 



NASA-GSFC HISSIW A r O  TRAJECTCRY A N A L Y S I S  DIVI 

K V A L E  = (144% 

WITE T A P E  D 

W I T €  PRINTER 

WRITE TAPE D 
DCD HCOE 

0 

PACE 16'3 

I 51 

I 33 

I 34 

I 36 

M I T E  PRINTER 
E C D  HuOE 

419 



PAGE YW COUT~NUE~ 

CI 
8 
L 

7 - -  8 XKE I <  n3 - - 1 -  - 
I 10 

11 

8 SCALE K 4  

13 
c - 1 -  1 
I S C A L E K 5  - - 1 -  7 

8 SCALEH I - -1-  - 
I 26 

27 

XAL€ n - - 1 -  - I 28 

2s 
7 - -  8 I T  

SCALE L 

420 



k VALUE = w w  
Q9LN30103850 

Q9woM3831 

Q9ooo303832 

Q9m.3403833 

p9ooo503864 

Q9CDJ603829 

a9ooo103828 

09M3c180J827 

Q9oOrJ9cmJlO 

Q9cYJlcMc1oII 

990011!32521 

m 1 2 1 3 2 m  

V91n12+OMOOC7J0+0(3 

K 2  

K 3  

K 4  

K 5  

J 

H 

K 

L 

am3 
W E  

CUTPUT SCALE 

PRINT IKJ. 

SET PRINT IN).  

CROSS REFERENCE LISTING 

PAGE BOX L A B E L  REFERENCES 

K VAL& = W90 

w 9 1  3.31+ I!J.O3+ 160.01 

42 1 



iO.ed+ 1 

I+DUTA I 

OM323 = 

422 



PAGE 161 COI'TINUED 

l L 7  
1 

I BEGIN XI378 I - - 1 -  - 

04879 

i 25 

I 26 

I 7  

i. 

423 



NASA-CYC MISSION A H )  T R A J E C m Y  ANALYSIS DIVI 

u V & l E  = 04500 

I 23 

m i 1 1  = + 
!Y3112 = 

!XI1 1 I mm31 

LTII12 = 
C - i l  tZMYXI79 

I EO114 = I E0037Kl0E2d 

I 29 

00115 = 

?A& 182 

43 

130120 = 
Mo82.4dw7119 I 

I 
I 

I I 

4 6  

m 9 1  = 
0W45*00090 

47 

93091 = 
00091-00044 

48 

00092 = 
00044*00083 

0 
42 4 



PAGE 162 CONTINUED 

I 11 
IX1083 = 

~ 1 ~ 1  

I 

I 18 

Q P 49 

I -26 

I 

00993 = 
c1M339rM3118 

425 



I 10 

00032*00093 w 

I 22 

I 25 

I 28 

00069 = I !YJO69-00070 I 

0 

SUBROUTINE 
INPUT LWt34 

4* 0 
42 6 



Q n  

PAGE 1b3 CONTINUED 

P 11 

I 13 

I 14 

I 38 

00181 = 
00181 so0162 

I M 

I Sl 

I S 2  

L x 7 1 6 2  = 

I 

I 

53 

LlCl162 = 
CWJ84MH1162 I 

I 54 

LM163 = 
LXJl4L7~XlLl72 

0'3164 = 
L70139MlLY.71 

42 7 



NASA-CSFC U I S S I ~  AEI) TRAJECTORY MULYSIS  OIVI 

K V A L E  = Z1*Mo 

PAGE 164 

I 7 

m164 = 
0164+M)113 =7 I 8 

mi64 = 
LM164+m161 I 1 

I 9 
I 

90163 = 
90112&!3L786 

I 10 

90163 = 
90112&!3L786 

m 00164+00163 

I 24 

I 25 

a163 = 
OO163+00164 

26 

!XI163 = 
, L)o163+00144 

I I 27 

I 28 

mi64 = 
00143#.?!3072 

m163 = 
0!I163&0083 

00164 = 
!IOiSO#QO072 

0 0 0 
42 8 



PAGE 164 CONTINUEDI 

1 15 

mi62 = 

I 16 
00163 = 

!XU77aOl48 

I 
I 17 

.I 19 

I 32 

I 36 

4 

00164 = IT 0 0 0 4 7 ~ 8 3  

53 

00164 = 

rJJ165 = 

I 56 

I 57 

429 



NASA-GSFC MISSION AH) TRAJECTCRY ANALYSIS OIVI 

I( VALIS! = 04- 

Of3163 = 

I 8 

I 9 

00335 = 
L7033 5 900089 

T ,  
I 21 

I 23 

I30174 = 
(Jo174+rJoo67 

!XI174 = 
M l 7 4 ~ ~ 3 6  

00175 = 
C1LH343 M0068 

00175 = 
00069-00175 

PAGE 16s 

7 39 

cJo176 = 
001 77 +lJo I 76 

I 

I 411 

I 42 
XI176 = 

9-1121 /xlL121 I 
43 

13-1176 = 
00176-Li0126 

44 

110176 = 
LXl117M!3176 

I 45 

I AS 

00176 = 

0’3063-00177 

43 0 



I 1 3  

I 14 

I 16 

I 19 

I 31 

I 36 

I 37 

Cici 1 77 = I 1  !Xi? 28-C1Li126 

I 38 

PAGE 165 CONTINUED 

I 5 u 

I 57 

43 1 



NASA-GSFC MISSIUd A M  TRAJECTCRY ANALYSIS DIVI 

K VALLE = 04500 

PACE 1 6 6  

I 6 

I 7 
I 

057178 = 
001 78HJOl25 1 

I 9 

8 

LM179 = 
0LW98M0122 

00179 = 

I 10 

00179 = 
001 79i~Cl0062 

I 

I 21 

W A R E  '3a341 
x) WWJ 

Li 3 LOEQ 

I 25 

m424 = 
rjrJ419mJ419 

XI425 = 

21 - 6- - 

00433 = 

004331413432 

I 39 

00435 = 

0 
432 



PAGE 166 CbNTtNUED 

, Q 4i 

09437 = 
0!34 37 e?7!')AZ3 

'33437 = 
li(i437~1W23 

0 I 
6- -m- -a - - 1 -  T, 

I 31 

I 33  

I 34 

46 r - 1 -  7 - - 1 -  - oi 

I 49 

M439 = 
132437M-isj13437 

433 



CROSS REFERENCE LISTING 

P A G E  BOX L A B E L  REFERENCES 

K V A L E  = 04933 

161 .Ol  '34501 10.289 66.26* 

161.10 048 7 8  

161.12  am 1 6 i . i i  

161.36 04871 161.23 

168.03 L74872 166.23 

168.05 04879 1 6 l . i i  168.02 

168.14 04713 168.23 

168.m 04853 

168.36 04836 168.34 

169.40 04831 168.41 

i f3 .09 Ll4656 i 73.171 

113.11 0465 7 1 13 .[?I 

434 



L v u  =,as00 
Q7OOOOOllUJ 

47WO104947 

47ooMOzl% 

Q T ~ 1 0 1  

WWCU02lM 

Wo(313502216 

47000602166 

07wO703830 

Q7000803831 

47000903832 

47001103833 

Q7Wf OM271 

W O ~ l I M  

470361211113 

Qr036201115 

Q7036301117 

4 7 0 ~ 0 1 1 0 2  

PM3?7Ulf 16 

47040003844 

-?6 

a8oOcllW277 

-78 

QBooo300279 

Q8ooD4oMm 

oB(foM00281 

a8MoMoo85 

OBM0104439 

09M10100218 

Q9ooMoMl9 

(r19cMc13'30220 

Q9MxLQcw3213 

Q9GUOSM215 

Q9aY&00217 

09M10701841 

ixxIOl8M840 

QOOO1903@66 

awO2403843 

QOOO2503889 

QOOO5203868 

610020503842 

1XXl2LXJ3843 
vM3o30+5o(7o(KM0+00 

VwO31+15woM)0+01 

V00032+33333333+00 

VMM33+6666666?+00 

V00034+25000000+0Cl 

VW035+1666666?*00 

V00036+83333333-211 

VW037+9375000L)+00 

VoW38+468?4000+00 

T(0) t EWCH TI= IN  C.U.1. 

mGL€-wAD. E T .  

SQJAR R O T  

S I N  

WINE 

WLER 

ARC  IN 

K 2  

K 3  

K 4  

K 5  

?RINCIPAL VALUE 
A,  SW1-W- M ? S  AT T;(b, 

U, =AN AWMALY AT T(0) 

ARG. ff PERIGEE AT T(0)  

RT. ASC. OF NODE AT T(0) 

ECCENTRICITY AT T(0) 

1 9  INCLINATION AT T(0) 

K SIB C (CRITICAL INCLINATIM) 

OELTA A fCCW. PERT.) 

DELTA E (tczP. PERT.) 

DELTA I (tczP. PERT.) 

DELTA H (CTr(p. PERT.) 

DU-TA ARG. CF PERIGEE ((Y*P.PERT.) 

OELTA RT. AS. CF Nm: (KRW.PERT.1 

OT(PLMNTARY PERTURBATIONS IM). 

DELTA M (ORffi) 

A, S E M I - M A d a I S  AT REW!5ST TIME 

E, ECCENTRICITY AT E W S T  TIME 

1 1  INCLINATION AT RE(XJEST TIME 

Ut MAN W A L Y  AT -QUEST TIME 

ARC. CF PERIME AT REaJEST TIME 

RT. AS. CF N3oE AT REQUEST TIME 

OT(PUE DRAG AN0 03HP. PERT. EFFECTS 

METERS/C.U.L. 

(METERS/C.U.L . I  (C.U.T./S€C.) 

SECCNX/C.U.T. 

ww2=GM 

RAO/MG 

2 P I  

s€CONOS/C.U.T. 

435 



NASA-GSFC MISSION AM) TRAJECTORY ANALYSIS OIVI PAGE 10 A 

43 6 



CROSS REFERENCE LISTING 

PAGE BOX L A B E L  

K V U = ~  

lT6.m osmi 
176.10 wo34 

176.12 0902s 

176.14 worn 
176.16 03073 

in .oi w M 5  

i t 7  .03 om67 

lrr.q! WOO7 

i t ? .  38 cum5 
178.35 09m6 

179 .Ol 09071 

1'19.09 09012 

179.11 09081 

179.16 wo82 

im.01 09053 

lBo.07 09063 

180.09 09054 

1m.21 09059 

180.23 090 78 

181 . O l  09079 

181 .Lo 09nm 
K V K U E  X OOQn 

woo250834 

G8omMl5857 

a80028C)3838 

48003033871 

48003103859 

88o03203861 

Q8003305860 

a9000DCIW01 

Q9OOO1013206 

6l9mmcmi 1 

BffXM402846 

89000502847 

49oo0802848 

89OM3702649 

aswo8MB50 

89oowo285 1 

Q9001002852 

49WllM853 

Q9w1202854 

Q9001302855 

89001602858 

Q9001702859 

oooo1802w0 

as001 9oi?mi 

09M12202(M4 

49002302665 

REFERENCES 

23.m 23.1- 

176.11 

176.13 

176.15 

im.ii 
177.02 

176.13 

177.sO 

178.23 

176.13 

179.00 

179.08 

176.22 

1 19.03 

178.39 1m.m 
176.15 179.15 

177.32 177.34 

178.34 

176.15 

179.10 

180.25 

i m . ~  im.e 1ae.w 
179.24 

177.36 

180.96 101.19 

lT9.15 179.24 

176.22 

F, FLArcplIFLC -1CIMT 

K sa 2 = c.u.T.mny 
3.6 

l W S u e 0  
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I( VALUE = 04946 

174 .O1 04947 

174 .06 04961 

174.14 '34962 

174.16 04963 

174.26 0496 7 

174.31 54968 

1 ?4.34 04969 

175 .ci5 04965 

175.09 04964 

175.14 04966 

ARC SIN 

ARC Cos 
pi12 

P I  

3 P I 1 2  

2 P I  

.6 

zER3 

179).06+ 171.51* 

174.15 

174.04 

174.08 

174.2'3 

174.22 

174.21  

1 1 5  .L71 

174.12 

175.1!7 

FOR T H E  ANGLE-QUADRANT DETERMINATION 
SUBROUTINE KZ04946 SEE PAGE 2020F THE 
PROGRAM LISTING 
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p9cm4wo99 

09r3M5oMDo 

Q90MBM751 

4 9 o C n T w 2 5 6  

Q9oMB(3MoI 

-375 

(w30-3 

a90032020?il 

(1190L13302Xll 

Q9w3402101 

a9003502105 

(w302602085 

a9003901201 

(99M3q001851 

aff304101m2 

4#.w342021% 

aff304305849 

VEIx)lO+MM0000a+00 

V(xIDIi+lWOOOOO+0i 

vooo47+Mowow+01 

vw048+300CIOOW+Ol 

vw049+5'30M3000+01 

V(X1050+9CWXXXW30+01 

VL1M351+13@XKYJO+M 

V~58+1L7ocMcm7-12 

Moo76+1LxK)rJ(x+10 

VoM52+99922944+W 

V00028+17453293+W 

U(0JRBCTED Lv W t  RnO OR RtO DOT 

T I @  IN C.U.T. 

ENTRY TO ABSXUTE VAL= -TINE 

03PUTED OBSERVATIONS 

RI BAR DOT 

R,  BAR STAR 

TYPE CODE 

001 PraT)UCT ENTRY 

VECTOR )cwE ENTRY 

SIN ENTRY 

mS ENTRY 

VECTOR Q 1 N3. 1 OF 3 LOCATICNS 

LSP ENTRY 

ENTRY TI3 O(WNPIT1AL F W T I W  

LSP EXIT  

ENTRY TO SQ. m T  

EARTH RADIUS IN CUL 

ZER, 

CNI CMX FOR RAM€ 

lb0,  a3DE FOR L 

THREE, = F O R M  

FIVE,  - F O R E L  

NIPE, CODE FOR RANG€ RATE 

THIRTEEN, CUE FOR EL DOT 

TOLERANCE FOR ZElllo EL 

P S E D 3  PARAMEfER IF EL APPFOACKS Z 

COS PHI SUB IM 

TEN DEGREES, B l  

T H E  INFORMATION ON THIS P A G E  IS FOR TH_E L,_;M, R, R-R CORRECTOR FOR 
IONOSPHERIC REFRACTION SUBROUTINE K=09000. S E E  P A G E  204 O F  T H E  

IPROGRAM LISTING. 
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WSA-GSFC I(IJsIo( AM TRAJECTORY ANALYSIS D I V I  

a VALUE = mim- 

RANGE AMBIGUITY 
regaUrlaC F l K T I O N  
RA)(GE AMBIGUITY 
*&%X.UTIW F. 

I_. 
I 8 

cw)LpJB = INTEbRAL 

I 9 

00006 
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PAGE ies CQWTINUED 

0 12 

15 r ABS. VAL. ra3 , 
!l,l-Ro c,n 

@ 09133 
091 33 

441 



NASA-GSFC WISSfCN AM) TRAJECTORY ANALYSIS D I V I  

K VALUE 5 rJ9lLX 

Ci, l -R3 C I M  GREATER 
THAN TEST 

591 32 G7 
I 

I BEGIN cMc732 I 
183*2111 c - 1 

6 

PACE 1M 

c -  T 
L*-- 

18 

n 
--J 

09155 I 19 - - -  - 
a BEGIN WO35 8 - - 1 -  - 

J.O. *DAYS 
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13 

a *RE SEC NEGATIVE_: 
# - - - - - -  I 

- - 1 -  
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NASA-GKC MISSIQN AND TRAJECTOEY ANALYSIS D I V I  PAGE 19 A 

mREtTm m 5uB L1 

SUB '3~1 ( INPUT).  RoSUB0 (OUTPUT) 

Ro SUB c 

Ro SUB 1 

K SUO 1 

ZERO 

J.D. rY T SUB 0 , 1  

K C .  CS T UW 0 , l  

C,VEL. OF LIGHT I N  N L / S E C  

YEAR OF REFEFENCE 

DAYS JAN 1- REF DAY 

Y Y m D D  T SUB 0 

H H M M T S W C I  

SECChlDS T K16 0 

SECAJAY 

mE 

ABs13LUTE VALUE F.  

JD.- SEC TO J.D. t-MS 

DATE F W C T I C N  

K W X J I N G  FACTOR 

1 LKI 



NASA-GSFC NISSIaX AFC) TRAJECT'XY ANALYSIS C l V l  

CROSS-REFEEENCE L I S T I N G  

PAGE B O X  LArJEL REFEEEWES 

183.18 (19131 183.16 

184 .?I1 1'19132 183.21 

184 .li4 (19133 1 8 3 . 1 7  183.22 

184.15 99134 184.14  

184.19 179135 184.1 f 
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NASA-CSFC MISSION AH) TRAJECTORY ANALYSIS D I V I  

K V h E  =: 092Cn3 

JULIAN DAYS- SEcactS TO 
C.U.T. 

132.41- 1 

1 5 
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CROSS REFERENCE LISTING 

LABEL REFERENCES PAGE BOX 

K V A L E  = m m  
L19Z-11 132.4116 133.3816 185.!31 
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NASA-GSFC MISSICY4 AhC TRAJECTmY ANALYSIS D I V I  

T H E  FOLLOWING 6 PAGES CONTAIN A L ISTING O F  A L L  O F  T H E  BEGfN COMMANDSOF T H E  D.C. PROGRAM. T H E  

THEY ARE USEFUL FOR REFERENCING PURPOSES I N  T H E  E V E N T  O F  T H E  N E E D  FOR INTER- 
LOCATION I’NDICATED BY A BEGIN COMMAND I S  T H E  EQUIVALENT O F  A FORTRAN STATEMENT NUMBEROR A 
M A P / F A P  L A B E L .  
M E D I A T E O U T P U T  NOT NORMALLY PRINTED BY T H E  PROGRAM (SEE P A G E  180 OF T H E  PROGRAM LISTING). 

LABEL 

oooo8 

m20 

m 2 1  

m 2 2  

00023 

ow24 

WJO27 

m 2 *  

m29 

mjo 

m 3 3  

@.XI36 

!mi37 

W61 

Lmm2 

cxy.763 

@0064 

m 7 3  

m174 

m-191 

!33192 

m 3  

L7171794 

rr.y395 

mi 01 

qlllL7 

znlll 

001 12 

00128 

00129 

DO1 3c7 

00131 

001 32 

001 33 

PAGE BOX 

16.16 

1 .111 

3.11~ 

5.12 

8.11 

8.17 

111.15 

10.10 

10 .Lm 
13.24 

16.CM 

7.15 

7 .O4 

16.178 

4.22 

16.12 

16.14 

13.12 

12.09 

9.lb 

9.24 

8 .!i4 

5.11 

3.16 

1 7 . 5 1  

17.15  

18.111 

18.35 

18.14 

19.171 

18.25 

19.03 

17.10 

17.20 

LABEL PAGE BOX 

171218 24.117 

01219 24.12 

17122!3 24.19 

111221 25 .L71 

171222 25 .Lid 

171223 25.13 

01224 25.1) 

01225 25.22 

L7122b 26 .ti1 

012n 26.!77 

1il228 26.13 

li1229 2b.18 

012X7 21 .Lie 
l.71 3111 28.51 

51 356 3!i . 01 

51 365 31 .Lib 

Li1381 32.Lil 

!il389 32 .ti5 

1-31 39-7 32.27 

‘71 391 32. !i9 

‘i? 393 33 .‘il 

’.il 394 32.17 

GI398 32.24 

Cil4!il 34 . C i l  

01479 34 .Lid 

Ci1494 55.35 

91495 5 6  . O i  

Lil 501 34. 111 

5 1  5L72 35 . O l  

01 5Li3 36.111 

‘il5174 37.17 

Li15L75 37.23 

’31 506 37.29 

01 507 38.111 

LABEL 

01551 

01552 

111553 

01554 

01555 

01556 

01557 

01 558 

01 559 

01601 

01611 

01612 

L11613 

01614 

1.11615 

91616 

L71F.17 

‘71618 

171619 

01625 

01621 

01 622 

01623 

‘31624 

51625 

‘31 626 

01627 

01628 

01629 

0!63‘7 

01631 

11166c7 

01668 

0 1669 

PAGE BOX 

52.35 

53.01 

53.10 

53.35 

54 .Ol  

54.18 

54.35 

55.01 

55.18 

51.01 

58 .01 

58.05 

58.Q1 

58.09 

58.12 

58.14 

58.17 

5n . i9  

59.131 

59 .os 
59.11 

59.14 

59.19 

59.23 

6!1 .!I1 

6!3 .04 

60.10 

60 . P-1 

61 .c77 

61.22 

62.25 

64 .O1 

5 1 . 2 3  

51.26 
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS D l V l  

T A B L E  O F  BEGIN COMMANDS 

LABEL, 

00134 

m151 

mi sa 

001 59 

m19s 

mi% 
w263 

210264 

m393 

m399 

m 4  12 

m413 

Lm4m 

!XI481 

ry-3482 

33483 

cysO91 

M492 

Em493 

e-3494 

m5 10 

m 5 f l  

e-i5 13 

m5 14 

93515 

W5 16 

m511 

m518 

01m1 

01211 

01212 

01213 

01214 

01215 

01216 

01217 

PAGE BOX 

17.13 

2(1 .01 

21.03 

21.06 

12.25 

13.16 

8.26 

r .= 
11.23 

11.36 

15.W 

15.08 

9.22 

9.14 

1‘3.11 

lC3.22 

?Li.26 

lLi.32 

22.23 

22.26 

1.28 

1.01 

4.01 

4.03 

3.01 

2 .06 

2.01 

3.25 

22.01 

23 .01 

23.10 

23.16 

23.22 

23.26 

24.111 

24.05 

L A B E L  

01508 

01 5’39 

01510 

01 51 1 

111519 

01 5El 

01521 

‘31 522 

01 523 

01 524 

01525 

01526 

01521 

’-31 528 

t i l  529 

Li153c7 

51531 

01532 

01533 

01534 

01 535 

01 536 

0153f 

01 538 

01539 

01 540 

01541 

01542 

01 543 

01544 

01545 

01 546 

0154f 

‘31 548 

01 549 

01 5513 

PAGE BOX 

39.01 

40 .01 

40.27 

41 .O1 

41.11 

42.12 

42.21 

43 .01 

43.16 

43.31 

44 .O1 

44.16 

44.31 

45.01 

45 . I6  

45.31 

46 .01 

46.16 

46.31 

47.01 

47.16 

47.31 

48 .01 

48. 16 

48.31 

49 .!I1 

49.18 

49.3s 

50 .01 

50.18 

50.35 

51 .Si 

51  .iR 

51.35 

52.51 

52.18 

L A B E L  

01 mi 
01 n o  
o i n i  
01712 

01 715 

o i r i i  
01 715 

01 716 

01111 

01 718 

01 728 

01 7 2 9  

01 7 3 3  

01 131 

01 ?32 

01776 

0 1 7 1 7  

c317 7 8  

01m1 

018Ll2 

01804 

01Nl5 

01RCS 

0 1 8 0 7  

01810 

01812 

01813 

01814 

01815 

01816 

01817 

0182f3 

01831 

01832 

01834 

01840 

PAGE BOX 

86.01 

68 .!I8 

88.11 

68.13 

m .o1 

69.11 

89.05 

m.13 

71 .33 

73 .0i 

m .os 

69.01 

67 .21 

66.03 

67.15 

66.48 

67.19 

6a .a5 

6.18 

6.01 

6.06 

6.15 

14.10 

14 .01 

6.22 

4.13 

5 .01 

2.12 

2 .21 

8.22 

9.06 

2.26 

12.13 

12.16 

13.32 

16.19 
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NASA-GSC MISSICN AND TRAJECT‘XY ANALYSIS D l V I  

TABLE O F  BEGIN COMMANDS 

LABEL 

01841 

01851 

01875 

01876 

01877 

01 8 78 

01883 

01884 

01901 

01927 

01928 

01941 

01956 

0 1 9 7 1  

01 986 

0 1 9 9 7  

01999 

o m 1  

0201 1 

L12021 

02029 

02031 

021141 

02051 

021161 

02Li16 

02093 

0m94 

02095 

021196 

021111 

021c15 

02121 

1121 ?4 

PAGE BOX 

74 . I1  

75 .01 

75.19 

75.37 

76.04 

76.09 

75.08 

75.12 

77 .01 

77.15 

7 7 . m  

78.Lil 

79.01 

RcI.Li1 

81 .01 

81.16 

81.05 

82.01 

83 .O1 

84.L11 

84.12 

85.01 

86.01 

87.01 

88.01 

89 .c71 

1Li.33 

11.05 

11.11i 

l l . 1 7  

9-1 .01 

9‘5 . 3 1 

90.G1 

90.15 

LABEL 

02361 

02310 

023 72 

02314 

0231 f 

02389 

02391 

02396 

0239 f 

02398 

02399 

024WI 

02402 

0240 7 

02413 

‘32416 

02418 

024 16 

112484 

C72486 

(72494 

52495 

52521 

Li254L1 

‘72541 

92542 

‘32543 

02596 

!i26175 

526116 

1i2tW9 

02649 

112651 

02664 

FAG€ BOX 

102.01 

102.11 

102.13 

102.15 

102.11 

102.32 

102.34 

103 .01 

103.10 

1~12.3r 

104 .01 

1‘04.03 

104.05 

104 -10 

104 .m 
104.12 

lL35.Lil 

107.01 

107.16 

1 0 7  .05 

10f .!77 

lL77.21 

158 .ti1 

108.33 

1178.42 

109 .01 

109.14 

1 Li9.19 

109.23 

159.35 

109.33 

1178.29 

1 111 .1i1 

1111.25 

LABEL 

03026 

03051 

OM55 

03056 

0305 7 

03058 

03301 

03305 

03329 

033m 

03331 

03332 

03333 

03351 

03365 

03366 

03369 

033 m 
033 7 1  

033 76 

033m 

03388 

03389 

03393 

034L11 

03405 

03406 

0340 7 

03416 

0341 7 

034:s 

03488 

!I3491 

03492 

PAGE BOX 

125.35 

127.01 

127.04 

127.12 

127.16 

127.31 

128.01 

128.14 

128.26 

128.07 

i28.18 

12e.m 

128.24 

129 .Ol  

129.11 

129.14 

129.17 

129.09 

129.20 

1% .O1 

130.16 

130.11 

130.211 

1311.08 

13f .111 

131.03 

132 .01 

133.01 

131 . I 2  

131.21 

132.19 

133.19 

132.30 

132.39 
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NASA-GSFC MISSION A N D  TRAJECTORY ANALYSIS DIVl  

T A B L E O F  BEGIN COMMANDS 

LABEL 

02126 

021 56 

021 65 

M I 6 4  

02166 

Mi 73 

‘32174 

021 76 

021% 

02201 

0 2 2 0 7  

02216 

02220 

02241 

02242 

02243 

M244 

02246 

02265 

02266 

0 2 2 6 7  

022 71 

M 2 7 5  

02301 

U2314 

02316 

02329 

02330 

02341 

02353 

02354 

02355 

02356 

D235 7 

02350 

02359 

PAGE BO 

90.34 

91 .Ol  

91.09 

91 .ll 

92 . O l  

92.09 

92.11 

93 .01 

94 .01 

94 .06 

94.12 

95.01 

95.13 

95.16 

95.32 

95 .m 
95.19 

96.01 

96.14 

96.22 

96.11 

97.01 

97.11 

90.01 

96.08 

99.01 

99.08 

99.13 

100.01 

lly3 .06 

100.12 

IcM.15 

100.17 

100.22 

101 .03 

I01 .01 

X L A B E L  

12721 

02725 

02729 

02751 

02756 

02751 

02761 

02767 

‘32160 

MBol 

02806 

!32807 

mm.9 
Ln810 

02011 

02814 

52S 76 

02936 

02940 

02941 

02942 

02943 

!I2944 

02946 

02947 

02948 

02949 

02952 

02953 

02964 

52978 

02979 

03005 

03016 

0 x 1  7 

03020 

P A G E  BOX 

l i t  .01 

111.16 

ill .I2 

112.01 

112.04 

112.06 

113.01 

113.54 

113.10 

114.01 

114.08 

115.01 

115.23 

114.17 

114.06 

115.37 

115.m 

l i7 .01 

117.L1B 

117.10 

118.26 

118.28 

119.15 

119.01 

122.01 

125.m 

121.09 

122.41 

123.28 

121.06 

118.16 

123.40 

125.02 

121.04 

ii7.06 

120.32 

LABEL 

03494 

03495 

054% 

03501 

OS* 

03510 

03513 

03514 

0352% 

03550 

03532 

03535 

03539 

03551 

03573 

03574 

03575 

035 76 

!33!577 

03578 

53579 

03580 

03601 

03701 

03740 

03741 

03742 

03743 

03744 

03745 

03746 

03751 

03763 

03001 

03016 

03017 

PAGE BOX 

133 .e? 
133.36 

Is4 .ai 
135.01 

135 .MI 

135.11 

135.16 

135.25 

ls6.01 

136.04 

138.10 

136.17 

136.15 

137 .a1 

138.01 

138.08 

i3a.25 

139.15 

140.01 

140.16 

139.24 

139 .02 

141 .Ol 

la2.01 

143.02 

143.18 

142.15 

142.11 

143.05 

143 .a 
143 .OS 

144 . O l  

144.05 

145 .Ol 

147.16 

147.01 

45 1 



MSA-GSC MISSIO( AMI TRAJECTCR'I ANALYSIS OIYI 

T A B L E  OF BEGIN COMMANDS 

05618 

mi9 

03901 

OSgoQ 

05908 

03911 

04Oi?s 

040s 

040(1(1 

04101 

04105 

04201 

04331 

04335 

04336 

04337 

04338 

04339 

04349 

04351 

04356 

04361 

04366 

04311 

04376 

04381 

~ 3 e 6  

04391 

04396 

04401 

04405 

04406 

04401 

04456 

145.07 

146.14 

149.01 

149.17 

149.21 

149.07 

151 .Ol 

152.01 

152.24 

153.01 

153.04 

154.01 

155.01 

155 .os 
155.16 

155.19 

l S S . 1 1  

155.26 

155.35 

156.01 

156.06 

156.11 

156.16 

156.21 

156.26 

157.01 

157.06 

157.11 

157.16 

ise.oi 
ise.04 

ise.27 

i s e m  
1s9.01 

uea 
o¶o% 
u9059 

050g3 

09067 

090m 

09011 

090n 

09078 

09079 

09080 

09081 

090e2 

09101 

09133 

09131 

09132 

091 33 

09134 

09135 

092Lll 

is0 .m 
ls0.2l 

id0 .or 
177.03 

170.14 

179.01 

116.1(l 

180.23 

181 .Ol  

181 .a 
119.11 

119.16 

183 .Ol  

1e3.m 

183.18 

184 .Ol  

l a 4  .M 
184.15 

184.19 

185 . O l  
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DlV l  

T A B L E  OF BEGIN COMMANDS 

L A B E L  

044.D 

04461 

04476 

04471  

04491 

04501 

04656 

04657 

04713 

04836 

0483 7 

04853 

w m  
04871 

04872 

04818 

048 79 

04947 

04961 

04- 

04963 

04964 

04965 

04966 

04%7 

04968 

04969 

09Lnl 

09005 

CEXlO6 

09007 

mi2 

09029 

09034 

09045 

09r353 

P A G E  BOX 

lW.08 

159.26 

159.40 

159.36 

160.01 

161 .Ol 

1 7 3 . m  

173.11 

168.14 

188.36 

169.m 

168.20 

161.12 

161.36 

168.03 

161.10 

168 ,05 

174 .Ol 

174.06 

174.14 

174.16 

115.09 

175 .c15 

175.14 

174.26 

174.31 

1T4.34 

176.91 

177.38 

i ~ a . 3 5  

177.12 

179.09 

116.12 

176.10 

1 1r -01 

180.01 

4'53 



Reference 

B1. IBM 7090/7094 Autoflow System User's and Operator's Manual, Prepared 
under Contract No. NAS5-10021 by Applied Data Research, Inc. , 
Washington, D . C . 
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APPENDIX C 

Differential Correction System Program Listing 
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017 00643 
020 00763 
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027 01044 
031 01203 
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PRINT REQUESTED QUANTITIES 
(0-C) PRINT FUNCTION FOR D.C. 
LSP (LOCAL STATION PREDICTIONS) 
PE (POSITION IN ELLIPSE) 
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(0-C) ANGLE REDUCER 
PP (POSITION PARTIALS) 
OP (OBSERVATION PARTIALS) 
CC (CONVERT CORRECTIONS) 
COMPUTE DRAGANDCOMP.PERT.EFFECTS 
EXPONENTIAL FUNCTION 
SATELLITE IDENTIFICATION LOAD FUNCTION 
SATELLITE IDENTIFICATION LOAD AND PRINT 
ADD TO CORRES. SUM OF (0-C) SQ AND TO N FOR ONE OBS. 
HOURS-MINUTES-SECONDS TO RADIANS 
DEGREES-MINUTES-SECONDS TO RADIANS 
VECTORPACKAGE (VECTORMOVE) 
VECTOR PACKAGE (VECTOR MAGNITUDE) 
VECTOR PACKAGE (VECTOR DIRECTION) 
VECTOR PACKAGE (VECTOR ADD) 
VECTOR PACKAGE (VECTOR SUBTRACT) 
VECTORPACKAGE(DOTPR0DUCT) 
VECTOR PACKAGE (CROSS PRODUCT) 
VECTOR PACKAGE(SCALAR BYVECTOR PRODUCT) 
SINE-COSINE FUNCTION 
ARC SINE 
ARC COSINE 
TANGENT 
SQUARE ROOT FUNCTION 
KEPLER 
ARC TAN 
ANGLE REDUCTION FUNCTION 
MATRIX CLEAR 
FULL ROW MATRIX FUNCTION 
COMPUTE AND PRINT R.M.S. FOR EACH OBSERVATION TYPE 
LINEAR EQUATIONS SOLUTION FUNCTION 
SPO (STATION POSITION ORIENTATION) 
LOAD AND STORE PRINT REQUEST CARDS 
OUTPUT SCALE 
INPUT CONVERTER 
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02720 
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02800 
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03050 
03300 
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03375 
03400 
03495 
03500 
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03750 
03800 
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03900 
04025 
04055 
04 1 00 
04200 
04330 
04400 
04455 
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09000 
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125 04963 
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128 05083 
131 05203 
142 05643 
144 05723 
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147 05843 
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152 06043 
153 06083 
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159 06323 
160 06366 
162 06442 
163 06483 
166 06602 
168 06683 
170 06763 
171 06803 
173 06883 
174 06923 
175 06966 
178 07084 
180 07166 
182 07246 
184 07322 
202 08046 
204 08128 
211 08403 
213 08483 

RANGE RATE FUNCTION 
ABSOLUTE VALUE FUNCTION 
ONE WORDLOAD 
OBSERVATION LOAD FUNCTION 
ELEMENT LOAD (CONVERSION OF ELEMENTS) 
BACKWARD DIFFERENCE INTERPOLATION FUNCTION 
DAY COUNT FUNCTION 
OBSERVED DATE TO JULIAN DAYS FtJNCTlON 

PROGRAMP FORCOMPLEMENTARY PERTURBATIONS 
INlTlALlSE PROGRAM P FOR COMP. PERT. TAPE 
LOAD REJECT CARDS 
OBSERVATION SEARCH AND REJECT FUNCTION 
PRINT INITIAL ELEMENTS, DRAGS, AND EARTH CONSTANTS 
LOAD AREA, MASS, DRAG DATA CARD FOR MCOl 
CTMU ASSIGNMENT FUNCTION 
CTMU COMPLEMENT 
CONSTANTS POOL FUNCTION FOR DIFF. CORRECTION 
SHADOW DETERMINATION CONSTANTS 
LOADDRAGDATA 
LOAD CONSTRAIN WEIGHTS 
COMPUTE CONSTRAINT EQUATIONS 
SUM UNKNOWNS 
RUN IDENTIFICATION LOAD AND PRINT 
INTERVALCOREDUMP 
COMPUTE EFFECTIVE DRAG (DELTA M) 
INTERVALCOREDUMP DUMP 
INlTlALlSE BROUWER ORBIT GENERATOR 
BROUWERORBITGENERATOR 

CORRECTOR FOR IONOSPHERIC REFRACTION 
RANGE AMBIGUITY RESOLUTION FUNCTION 

REDUCTED JULIAN DAYS-SECONDSTOCUT 

ANGLE-QUADRANT DETERMINATION 

JULIAN DAYS-SECONDS TO C.U.T. 
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